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PREFACE 


This work was undertaken because it seemed that a presentation 
in extenso of the tlierapeusis of internal diseases might be valuable to 
all those engaged in the practice of medicine. 

I venture to say that the subject of the treatment of internal diseases 
is fast becoming, if it has not already become, one of the most impor- 
tant subjects we have to deal with, either as practitioners or teachers. 
The reason for this is obvious. Not very loug ago the basis of all therapy 
was empiricism, and empiricism only. Then followed a period in which 
metaphysical reasoning replaced empiricism, giving rise to the develop- 
ment of schools, and not infrequently of medical sects., some of which 
still survive even in this period of scientific enlightenment. It may be 
added that even now new sects are arising*, and possibly will continue to 
arise as long as human credulity survives. 

Following this metaphysical period we meet with a most interesting 
therapeutical manifestation, that of medical nihilism. That great clini- 
cian, Skoda, for instance, believed so little in drugs that he treated all 
his typhoid fever patients by giving them small doses of a weak solution 
of alum. But, on the oilier hand, he was the first to place auscultation 
and percussion upon a physical basis. For him, then, there was no science 
of theraponsis, although there was science in percussion and auscultation. 
The nih ;1 >'+ic tendency still has adherents, although their number is small 
and constantly growing smaller. 

Comparatively recently laboratories began to play a very important 
role. Physiology, pathology, chemistry, microscopy, and physics as ap- 
plied to medicine were being developed, and theoretical therapeutic prob- 
lems were being solved by laboratory methods, which, in turn, of them- 
selves have become a fetish. 

Moreover, there was more careful and accurate observation of dis- 
ease. But the most conspicuous and important contribution to our thera- 
peutic knowledge in this connection consisted in the acceptance of physio- 
logical effects of drugs and their determination. With this to go upon, 
medical therapeusis received a great and fruitful impetus. It may be 
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safely said that this was the beginning of scientific*, medical therapeusis ; 
for the first time it was possible to come io a therapeutic conclusion which 
was scientific in a measure: the result of observation plus reasoning. 

If we now come to our present day we see a remarkable' stale of af- 
fairs. Hot only have the therapeutics of to-day been developed beyond 
anything that could have been hoped for twenty-five years ago, but vistas 
are being opened which jiromise advances hoped for only in some dim 
future state. And yet, if we reflect, tlu* time had come for great and 
radical advances in this line. Tin* branches of science already mentioned 
upon which treatment is based had developed to a degree that seemed in- 
credible, and each advance was eagerly seized upon by those who were 
prepared and ready to apply this development. 

Therapeutics, therefore, is beginning* to take a place with the other 
branches of medicine, hi as far as its scientific status is concerned. Thai 
therapeutics will ever he a pure science seems, at present, out of the ques- 
tion. But the fact that it is what it. has developed to be leads us to be- 
lieve that it is as yet in its infancy. 

Tlie great advances that can he recorded in our period are found in 
prophylaxis and causal or specific therapy. 

In prophylaxis, especially in infectious diseases, results an* obtained 
which a short time ago would have been considered impossible. The 
greatest enthusiast would have deemed it incredible, for instances that 
the day would ever coinc when Havana would quarantine against Key 
West in yellow fever. Many other instances could be cited in which 
modern prophylaxis has prevented the spread of disease and the develop- 
ment of epidemics. Indeed, this is now so common that very little? ado 
is made of it. Much more remarkable, however, is the render’ng sani- 
tary large tracts of land which were uninhabitable before, thus giving 
more and better chances for life and health to more human beings. 

As wonderful as this seems, the greatest advance made in therupeusis 
has been in causal therapy. Wo are no longer solely guided in tin* use 
of drugs by their physiological effects, hut demand effects upon patho- 
logical states and conditions, in this way coming nearer the cause of 
things and frequently removing it. The treatment of specific causes by 
specific methods of treatment is especially notable at tlu* present time. 
Formerly there were two specifics: mercury and quinia. At present 
there is a large number in infectious diseases, in the form of vaeeinutioii 
with virus from animals less susceptible than man, by vaccinating with 
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small numbers of bacteria from virulent cultures, by injecting dead 
bacilli and bacterial products and sera. Relatively still in their infancy, 
these modes of treatment have already changed the therapeusis of infec- 
tious diseases. 

Furthermore, there has taken place a revival in the use of physical 
measures, which have proven themselves very valuable in the light thrown 
upon them by modern modes of investigation. I refer here to hydro- 
therapy, balneology, massage and gymnastics, mechanotherapy, electro- 
therapy, light therapy, Roentgen ray therapy. Nutrition and dietetics 
have been put upon a scientific basis, and psychotherapy is being applied 
in a rational way for definite purposes. One of the recent additions to 
our knowledge, and one which promises much for therapeusis, is physical 
chemistry. By adding to this list of subjects toxicology, organotherapy, 
and climatology we have an enumeration of the means applied to the 
treatment of disease, except of that due to direct medication. If we 
except this, which it seemed to me required no especial mention or space, 
as it is discussed and described throughout the hook, we have subjects 
that have a broad general bearing, so that I have grouped them together 
under the heading of General Therapy and given the whole of the first 
volume to their discussion. As far as I know, this was first attempted 
in the ITaudbuch der allgemeinen Therapie, edited by H. von Ziemssen 
in 1883. It would seem to me that the grouping of these subjects is in- 
valuable as forming a foundation upon which the whole of therapeusis 
may be built up. Not alone is this the case, but they serve to bind the 
various subjects together. The practical value of this division lies in 
the fact that the general therapeutic measures are fully described and 
reference can be made to them. 

Having then made one division of the whole subject, we follow the 
Germans and make a second, that of special therapy, which includes the 
treatment of all diseases which are classified as belonging to internal 
medicine. Here it is not only the treatment of a special disease, but also 
the special treatment of a special patient, which makes the subject one 
beset with great difficulties as well as of transcendent interest. As a re- 
sult of the complexity of the subject it will he readily seen that there is 
no branch of medicine which may not have some bearing on special treat- 
ment; this applies to anatomy, physiology, physics, chemistry, pathology, 
symptomatology, pharmacology, to mention only the most important ones. 
Moreover, the mutual relations of internal medicine to other departments, 
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such as surgery and the various specialties, must he considered. Tn these 
days of multiplication of specialties internal medicine itself may he over- 
looked, so that only a part of the condition mid not the whole is treated. 
The fact that a prescription is the last act in a long process of reasoning 
should always he borne in mind. 

The prescription should not he written until everything which hears 
upon the condition of the patient lias been considered. It is necessary to 
make a diagnosis which must include pathology and pathogenesis, this 
especially for causal treatment. The symptomatology must he carefully 
investigated, as, in many instances, the relief of symptoms is all that can 
he done or all that should be done. The therapeutic measures to lie taken 
should then he determined; if drugs, those that fulfill the indications 
should he chosen. Tn every case the individual characteristics of the 
patient should he studied. When all this has been clone, the* patient, is 
ready for liis prescription. 

It is in this spirit that the various subjects comprising the work have* 
been treated by the contributors. Everything that has bearing upon 
therapy is considered, and, as the subjects dill’er so much, it will readily 
be seen that uniformity could not lie attained. Under all circumstances 
the primary object is to illuminate the subject of treatment and In give 
all that is known or worth knowing, and llui work is primarily written 
for all those who wish to bo informed of the details of treatment of dis- 
ease, even the smallest ones. 

Prescriptions are given in the text when found necessary; first, on 
account of showing how the drug is best administered ; secondly, the 
quantity of drug to he given and at, what intervals. The days of formula’ 
are not over, and all of us, it must be confessed, like* to employ a formula 
which has been recommended by a competent observer. All doM*s of 
drugs, as well as all prescriptions, arc given in apothecary's weight and 
in the metric system. 

The authors who have honored me by writing were chosen because 
I considered them thoroughly equipped and best able to write upon the 
subjects assigned to them. Their names and their reputations are a 
guarantee of the quality of their work. 

I wish to express my especial thanks to Prs. William Wherry and 
Joseph 0. Collins for assistance given in the arrangement of these 
subjects. 


F. Font * in ik tm kb. 



PREFACE TO THE SECOND EDITION 


Frederick Forchheimer was a leader in medicine, a great teacher skill- 
-ful in diagnostics, and a practical, rational therapeutist. A strong, pure 
character, intensely human, lovable, and sympathetic, with a broad view- 
point, which made him modest, manly, and delightfully companionable. 
Forchheimcr’ s Therapeusis of Internal Diseases is a monumental work 
creditable to him and to the other contributors. It is regrettable that 
Forchheimer could not live to know the remarkable popularity of this, the 
last work of his life, as evinced by the early sale of many thousand sets 
of the first edition. 

I am impelled, in assuming the editorship of the second edition, by sen- 
timent, because of a long acquaintance and friendship with Forchheimer, 
and also by a natural desire to be associated in a work of its great value to 
the medical world. I fully appreciate my inability to perform the task 
undertaken with the wisdom and skill of Forchheimer. But, as all of the 
contributors remain and will revise, add to, and bring up to date all of 
the original articles, the value of the work will not be diminished. A 
fifth volume will be added in the second edition upon Serum and Vaccine 
Therapy. The contributors are qualified by education and experience to 
write authoritatively upon the subjects included in the fifth volume. 
Serum and vaccine therapeusis have become so universally used that there 
is urgent need of a reliable guide for the practitioner in their use. This 
is especially true, in view of the fact that commercial serums and vaccines 
arc so widely advertised as specific cures. It is believed that the fifth vol- 
ume will add much to the value of the whole work. 


Frank Bii/lings. 
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I. GENERAL THERAPY 

OHAPTEK I 

SOME PHYSICOCHEMICAL PRINCIPLES IN THERAPY 
Martin H. Fischer 

It is safe to say that the ultimate test of every teaching in medicine 
and surgery lies in prognosis and therapy. A correct prognosis means 
that we understand the course of the diseased process with which we are 
dealing; it is favorable if we are able to retard, stop, or reverse the series 
of physical or chemical changes that have placed a patient in the diseased 
state in which we find him; or unfavorable if we are unable to do this. 
A successful therapy means that we not only understand this matter of 
prognosis, but also that we have at our disposal appropriate measures 
by which we may retard, stop, or reverse the course of the diseased process. 

We like to believe, and aim to make, our therapy rational. Through 
the ages there have come down to us the results of the observations of 
many men who, seeing that a diseased x^ocess was modified, say through 
the laying on of hands, or through the consumption of sea-weed, have 
recommended such procedures subsequently to patients similarly afflicted. 
Such therapy is not rational, hut empirical. But just because it is em- 
pirical it is not to he desxoised. A therapeutic procedure that brings good 
results is never to be despised; it usually merely represents the phenom- 
enon of a practical result that has been attained sooner than the inter- 
pretation of the mechanism of this result. So, to return to our illustra- 
tion, we recognize in the laying on of hands the psychotherapy of to-day, 
and in the administration of sea-weed the consumption of iodids. 

1 
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But, while we may not despise any good therapeutic procedure just 
because it is empirical, we have every reason to despise the modern ther- 
apist who employs the empirical method where a rational one is at hand, 
or who employs die empirical method in the hope of winning thereby 
new and valuable iueaiis of combating disease. Such may result, hut the 
methods employed are uneconomical. So, instead of exhausting a pharma- 
copeia and the time of a hundred workers in trying to iind a curative 
agent for myxedema, it is better to understand the physiology and the 
pathological physiology of flic thyroid gland, and then the beneficent ef- 
fects of the administration of thyroid gland can almost bo told in advance* 

What we have just illustrated by reference to myxedema holds true 
for all our therapy, whether we would practice, as tar as possible, a ra- 
tional therapy now, or ‘whether we are interested in tin* advancement of 
this branch of medicine. We ignore llie fact too completely in medicine 
that a rational therapy can be built, only upon a rational pathology, and 
that a rational pathology is impossible without a knowledge of physiology. 
Physiology, which is to-day a more gargoyle, will yet become the key- 
stone of a modern medicine. 

When we have realized these simple truths for the good of the devel- 
opment of a scientific therapy, we need next to appreciate tin* fact that 
the unit for consideration in physiology, and so in pathology and therapy, 
is the cell. As wc arc practical men in medicine, we are likely to lost* 
sight of this fact, or to take exception to it, and yet the umd practical 
man, as we shall see, will heed the physiology of the cell most. The 
reasons for this are obvious. 

When a man falls ill, he the cause what it may, he does not. do this 
“all over.” Only individual parts of the hotly may he alTected or some 
parts of the body arc affected sooner or more intensely than others. So 
a man may be poisoned by an infection, and this poison may kill his heart 
muscle cells, in consequence of which the rest of his body cells then die, 
for because the heart has failed no oxygen is now supplied the remain- 
ing tissues of the body. Or, through a rapid loss of carbon dinxid from 
the body, the cells governing respiration in the medulla are no longer 
excited to activity, and so the respiratory movements cease, flu* blond is no 
longer oxygenated, and the rest of the body cells die because they arc 
deprived of oxygon. Wo could give similar illustrations for the liver, or 
the kidneys, or the thyroid, or any other organ of the body. It is the 
injury to certain cells in each case that furnishes the characteristic signs 
of any pathological entity, and, if this injury or the death of these cells 
removes a condition upon which llie life, of cells in other parts of the body 
depends, then these, too, die. And so the whole body may die. The 
individual cells of a multicellular organism are like the ordinary amelia, 
only in the conrplex organism certain functions (possessed also by the 
ameba) have been especially developed and predominantly assumed by 
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groups of these cells. These functions have come to he of particular im- 
portance only because they have this character of exercising a function 
upon the proper execution of which the remaining cells of the complex 
body are dependent (respiration, circulation): 

In a complex organism we may, therefore, distinguish between a 
general physiology (common to all cells) and an organ or special physiol- 
ogy. When we remember that such organ or special physiology scarcely 
ever represents more than an unusually prominent development of some 
function of general physiology, the necessity and the predominant im- 
portance of the general physiology of the cell become manifest. 

These remarks will serve to show why, in our discussion of certain 
therapeutic principles that are of service in daily practice, we find our- 
selves beginning with a discussion of the behavior of the individual cell. 
To be familiar with the effect of various external conditions upon the gen- 
eral behavior of the individual cell is to he familiar with the behavior 
of these same conditions upon groups of cells ; and if such groups of cells 
(an organ) are part of and determine the behavior of yet other groups 
of cells in a complex organism, to be familiar with the action of these 
external conditions upon the individual cell is to be familiar with their 
action upon the organism as a whole. Hence the importance and our 
interest in the physicochemical constitution of the individual cell. An 
understanding of the most specialized therapeutic procedure is almost in- 
variably dependent upon such a knowledge of the cell. So we shall find 
the behavior of salvarsan to be but a brilliant illustration of the way in 
which a therapeutic agent distributes itself unequally between two cells 
(spirochete and body cell) ; the action of the cathartic salts but the thera- 
peutic expression of the general effects of such salts upon all plant and 
animal protoplasm; the salt-free diet a procedure to be looked upon with 
suspicion in practice, because the claims for its good behavior are un- 
supported in the general physical chemistry of the cell. 


THE GENERAL CONSTITUTION OP LIVING MATTER 

The living matter of which all' cells are composed needs, from a 
therapeutic standpoint, to be considered from the same viewpoint as its 
physiology, namely, from a purely physicochemical one. Ultimate prin- 
ciples of therapy must be physicochemical in character (1). 

In our special discussion we shall deal but little with the purely 
chemical aspects of the constitution of living matter. It is enough for us 
to remember that the various chemical constituents of the living cell are 
easily grouped under the general headings of the proteins, the carbohy- 
drates, the fats, the salts, and water. But the biological significance of 
the purely chemical attributes of these classes of compounds seems at the 
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present time in our scientific progress It) stand largely behind that, of 
certain physicochemical characteristics possessed by these same substances, 
and so we find it convenient to regroup these chemical entities under the 
headings of the colloids, the crystalloids, and irafer. \\ e will consider 
these seriatim, for in a correct understanding ot their physicochemical 
behavior are concealed the principles that govern much of our modem 
therapy. 


1. The Colloids 

The bulk of living’ matter is made up of colloidal material («). It 
will not surprise us, therefore, to discover that the behavior ot colloidal 
material is identical with much that we consider characteristic of living 
matter. 

It is now more than fifty years since Thomas Graham recognized that 
different chemical substances differ greatly in the rate with which they 
diffuse through solvents of various kinds. On the basis of this observation 
lie made a distinction between those which diffuse slowly and those which 
diffuse very rapidly. As the former are for the most part amorphous, 
and since ordinary glue is an example of this class, lie called them col- 
loids. The group that diffuses readily he called crystalloids (fi), for such 
beautiful crystallin substances as cane sugar, ordinary <alt, and urea 
are found in it 

Since Graham’s studies, we have become familiar with further char- 
acteristics of colloids anti crystalloids. Crystalloids are ordinarily stated 
to form true solutions. This colloids do not— they form pHUidusolnt i«m<, 
that is to say, they simply remain suspended in the solvent. Colloidal 
solutions are, therefore, not homogeneous, but, heterogeneous, in their 
make-up. 

Solutions of crystalloids show an osmotic pressure which is propor- 
tional to the number of particles of dissolved substance in flic unit vol- 
ume of the solvent. Upon this fact and the minuteness of the dinHilvcd 
particles depends the diffusibility of the crystalloids. The most typical 
colloids, on the other hand, show practically no osmotic pro-*- lire, and 
correspondingly do not diffuse at all. 

The enormous differences in osmotic pressure between crystalloids 
and colloids correspond to similar differences in tin* molecular weight of 
the substances composing the two groups. The molecular weight of the 
most pronouncedly colloidal bodies may he measured in thousands, while 
two or three hundred covers the weight of crystalloids, even when very 
complex organic compounds are concerned. The following table taken 
from Rudolf Hober (4) shows this very well. The figures refer to 10 
per cent, solutions of the various substances ; 
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Substance. 

Mol. Wt. 

Osmotic 
Pressure in 

Depression of 

Methyl alcohol 

32 

Atmospheres. 

70.00 

Freezing Point. 
5.781 

Urea 

60 

37.34 

3.084 

Glucose 

180 

12.43 

1.027 

Cane sugar 

342 

6.54 

0.540 

Albumose 

2,400 

0.93 

0.078 

Albumin 

13,000 

0.17 

0.015 


Crystalloids can, moreover, diffuse uninterruptedly through colloidal 
membranes, such as animal bladders, intestines, sheets of agar-agar or 
gelatin. Colloids are for the most part unable to do this. Upon this 
fact is based the principle of dialysis, in which crystalloids are separated 
from colloids by placing the mixture in a tube of parchment or an ani- 
mal bladder and hanging the whole in water or some other solvent. The 
crystalloids diffuse out, leaving the colloids behind. 

It must be stated, at once, however, that between the two extremes of 
the typical colloids, and the typical crystalloids, there is found an in- 
finite number of substances which lean more or less strongly toward one 
side or the other. It is possible, for example, to obtain in a crystallin 
form certain albumins which may ordinarily be taken to represent our 
most typical colloids. Egg albumin may be obtained in such a state, and 
the physiological chemist is rarely satisfied with a hemoglobin that is not 
beautifully crystallin. On the other hand, comparatively simple bodies, 
such as silicic or tungstic acid, arc found in the group of our most rep- 
resentative colloids. These few facts will suffice to show that no hard 
and fast line can be drawn between the colloids on the one hand and the 
crystalloids on the other. 

It should be clearly understood that, while we speak of colloids and 
crystalloids, and therefore are seemingly classifying substances, we ought 
really to speak only of the colloidal and the crystalloids! state. Our 
familiar use of the terms colloid and crystalloid has grown out of the fact 
that certain chemical compounds are best known to us in the colloidal 
state, while others we see almost always in a crystalloidal state. As a 
matter of fact, it is probably safe to assume that any substance may be 
obtained in a colloidal form, even those simplest and most typical crys- 
talloids, the chlorids of the various metals. That many typical colloids 
may, on the other hand, he obtained in crystallin form is evidenced al- 
most daily by the ever-growing list of biological products long known to 
us only in the form of amorphous powders, mucilages, and syrups which 
chemists are obtaining in crystalloidal form. These considerations are 
not without biological significance, for a chemical substance in a colloidal 
form may, and usually does, possess entirely different properties from 
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tlie same chemical substance in a crystalloida! form. tact has been 

abundantly proved within the last decade in many striking ways. The 
question of how a crystalloid passes over into the colloidal lorin, or vice 
versa — a question which lias as yet been scarcely investigated phyMro- 
cliemically — is, therefore, of the greatest importance to biological chem- 
istry, for these very conversions of colloids into crystalloids, and crys- 
talloids into colloids, are among the commonest phenomena observed in 
the living organism. The question of glycogen formation from dextrose, 
for example, represents such a change. Coupled with the chemical change 
of a dehydration, there is in this ease u physical change which converts 
a freely soluble, osmotieally active, diffusilde crystalloid into an insoluble 
(pseudosoluble), osmotieally inactive, lion-diffusible colloid. 

Marked as are these differences between colloids and crystalloids (the 
colloidal and the crystalloidal state), tilt* colloids themselves do not all 
possess the same properties. Because of this, various attempt.- have been 
made to classify the colloids, hut it. cannot, lx* Haiti that th<*'*c clarifica- 
tions have been particularly satisfactory. Not only do colloid" differ from 
each other in very essential qualities, but. one and the same colloid may 
exist in two or even more states. A. A. Noyes (f>) dUtinguMioh between 
those colloids which are. viscous, gelatinizing, and not readily coagulated 
by salts and those which are non-viscous, non-gelatinizing, and readily 
coagulated by salts. To the former of these groups belong", for example, 
a solution of gelatin, albumin, globulin, glue, or dextrin, while in (he 
latter might he mentioned the colloidal solutions of ferric hydmxid, al- 
uminium hydroxid, various metallic sulphids, and hemoglobin. What 
amounts for our purposes to a very similar classification is Unit of Perrin 
((i), who distinguishes between tlmst* colloids which in the solid -late are 
rich in water and (hose which are poor. Tin* former of the-e Perrin 
designates us hydrophilic colloids, for the latter tin* name hydrophobic 
colloids has boon suggested. For the purposes of biology the-e term- arc 
excellent, and in large part adequate. For (lit* purposes of pln-ical rbem 
istry in general they have the drawback of not being sntlieieutK broad. 
Water is not the only solvent that may form the base of a colloidal -obi 
tion. To meet this objection Herbert Froimdlieh (7} ha-' propo-ed the 
name lyopliilin colloids for those which show an intimate relation-hip m 
their solvent, while those which do not do this are called lyophobic. 

Wolfgang Ostwuld (8), who has taken a valuable step forward in 
tlie proper class i Heat ion of the various colloids, di.-lingtiFhe- between 
the emulsion colloids and the suspension colloids, tin* former of which 
represent colloidal solutions formed through mixture of two liquid pba-cs. 
tlie latter through mixture of a solid with a liquid phase. A separation 
of the two phases is difficult to obtain in the emulsion colloid.-, which 
correspond, it will he seen, with Noyes’s iirst. group and Perrin's hydro- 
philic colloids, while the ready separation of the phases in Ostwald’s sec- 



CONSTITUTION OF LIVING MATTER 7 

ond group brings to mind Noyes’s second group, and the hydrophobic 
colloids. 

When we recall that the hydrophilic colloids which have thus far been 
accorded most study — gelatin, dextrin, starch, glue, vegetable fibers, al- 
bumin, gums — are, for the most part, derived from biological sources, 
their probable importance to the living animal or plant must at once be 
suspected. Not only is the chief mass of the living organism built up 
of colloidal material, but most of it belongs in the hydrophilic group. 
We shall not be surprised in consequence to find that those physicochem- 
ical characteristics which make for the division of all colloids into two 
great classes will show themselves of importance in determining the bio- 
logical behavior of the tissues. 

9j. The Ceystaeloids 

The crystalloids may be divided into two great groups, the electrolytes 
and the non^-electrolyies (9). We shall find that the characteristics that 
make such a division possible in the realm of pure physical chemistry 
also distinguish the biological behavior of these two groups from each 
other. 

Substances which when dissolved in water (and certain other sol- 
vents) conduct the electric current are known as electrolytes ; those which 
do not do this as non-elcclrolyles. All the acids, bases, and salts (par- 
ticularly the stronger acids, the stronger bases, and the salts formed by 
their union) are electrolytes, while the various sugars, urea, ethyl alco- 
hol, glycerin, etc., are familiar non-electrolytes. Pure water (practically) 
does not conduct electricity. Neither will it do this when such a substance 
as dextrose or ethyl alcohol is dissolved in it. But the water conducts 
well as soon as any electrolyte, such as sodium chlorid, is added to it. 

The effects of electricity upon the living body, whether for good or 
ill, are possible only because living matter contains various electrolytes. 
All therapeutic electrical effects are rendered possible because the body 
contains electrolytes. 

The electrolytes behave as they do when dissolved in water because 
in this solvent they are electrolyti cally dissociated. The atoms and 
groups of atoms that are the product of such a dissociation are electrically 
charged (herein differing from the' ordinary atoms), and are known as 
ions. Thus, absolutely pure nitric acid (containing no water) does not 
conduct the electric current; nor will it if it is dissolved in some solvent 
that does not lead to an electrolytic dissociation of the acid. This is 
because under these circumstances only the molecules (ITN0 3 ) of the 
acid are present. But let water he added to the nitric acid, and this at 
once dissociates into its two ions (IT+" and N0 3 “"), which carry posi- 
tive and negative charges of electricity.. In an entirely similar way sul- 
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phnric acid dissociates into the ions TI^ and SO. t ; sodium hvdrnxid 
into ^Ta + and OIT - ; sodium cliIori<l info Na* and <’] . The ions 
which carry a positive electrical charge wander to the cathode, ami are 
known as cations; those having a negative 1 charge move in tin* opposite 
direction, toward the anode, and are known as anions, I bus hydrogen 
is the cation of hydrochloric acid (and of all acid-*), while eldorin is the 
anion of this same acid (and of all chloride). 

The degree to which a substance in solution is dissociated differs with 
different substances and varies with the same substance under di Moroni 
external conditions. The greatest degree of dissociation is sdmwii by 
the so-called slrony acids, lmsos, and salts, as, for example* hydrochloric, 
sulphuric, and nitric acids; sodium, potassium, and calcium hydroxide* ; 
sodium chlorid, potassium sulphate, calcium nil rate. I»ut dissociation, 
even for these, is complete only in extremely dilute solutions. The de- 
gree of dissociation increases with every rise in temperature. 

For the most part, there exist always a certain number of uudisHe 
ciated molecules beside the ions which are the products of the dissocia- 
tion. For the common salts that wo tind in our bodies, and under the 
conditions prevailing in the body, it is ordinarily held that about eighty 
five per cent, of the salt present is dissociated into ions, while ilftecu per 
cent, remains in the molecular state. This means that, for every one hun- 
dred molecules of sodium chlorid, for example, present, in the body, fif- 
teen are present as such, while the remainder have dissociated to yield 
eiglit t y-iive sodium ions and eighty live* ehloriu ions. 

It is clear after what has boon said that, in dealing with tin* behavior 
of any substance in solution, this matter of electrolytic dif^oointion be- 
comes of great importance. If we deal with a substance that i> incapable 
of dissociating eleetrolytieally, or with one familiarly known to u> as an 
electrolyte, hut existing at the time under conditions which render dis- 
sociation impossible 1 , then it follows that all the effects noted nm.-t he 
due to the properties of the molecules present. A in in electrolyte can 
exhibit only molecular effects. This holds whether we deal with its prop- 
erties in the form of a simple solution in the chemical laboratory, nr 
with its biological behavior as brought to our notice by tiding this Mtue* 
substance as a food or drug (saccharose, glycerin, alcohol). 

In the case of an electrolyte, on the other hand, we have to consider 
not alone the effects of the molecules, but in addition the effects of the 
ions yielded on dissociation, and not. the effects of all the ions together, 
but of tlie individual kinds of ions. So, tin* effects of sodium chlorid 
become those of molecular sodium chlorid, of the ion sodium, and of the 
ion chlorin. If the degree of dissociation is very small, the ionic effects 
are correspondingly small; if this is great (complete), then the effects of 
the electrolyte may he entirely the sum of the effects of the separate ions 
that are yielded on dissociation. 
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3. Water 

The water found in living matter and in the media surrounding liv- 
ing matter owes its great physiological importance to its solvent prop- 
erties. The various chemical reactions that are characteristic of and 
necessary for the maintenance of life are rendered possible by this means, 
for the solvent properties of water make it possible for the dissolved sub- 
stances to be brought in contact with each other. Water dissolves not 
only solids, such as sugar or salt, but liquids, such as alcohol, or gases, 
such as oxygen or carbon monoxid. The solutions resulting therefrom 
still possess many of the ordinary physical properties of water, but new 
ones also appear, which depend upon the quantity and the character of 
the substance dissolved. But the previous state of the dissolved substance 
is of no importance; the resulting solution is the same, for example, 
whether we add to water a certain weight of alcohol in the liquid state or 
in the gaseous state. 

We ordinarily think the water in protoplasm to be like the distilled 
water contained in a test tube in the laboratory. This is largely true, 
but not entirely true. The water contained in living matter has the prop- 
erty of dissolving solids, liquids, and gases, as has our ordinary water. 
But the state in which the water is found in the test tube and in living 
matter is not entirely the same. The water found in the body exists 
almost wholly in the form of hydration ivater (10) ; that is to say, the 
water forms a compound with protoplasm. This is true not only of the 
water found in cells, but even of the water found in the blood and in 
the lymph. Uncombined, “free,” water analogous to the distilled water 
in our laboratory test tube is found only temporarily, and in small quan- 
tities, in the living animal. As soon as it appears it is excreted. We 
shall see how important is this distinction between hydration and free 
water in the body as we proceed. The maintenance of all secretion de- 
pends primarily upon the obtaining of free water, and, as the elimination 
of all poisonous products from the body, whether formed in the normal 
metabolism of the body or introduced from without (arsenic poisoning), 
or manufactured in the body in consequence of the introduction of a 
pathogenic organism into it, is secondary to such a secretion of water, we 
shall see how important these physicochemical facts are from a thera- 
peutic standpoint. 

STANDARD SOLUTIONS AND COMPARATIVE METHODS IN 
PHARMACOLOGY 

Owing to the fact that many of the chemical materials used in thera- 
peutics represent mixtures of many substances (as, for example, the 
various extracts, fluid extracts, and tinctures prepared from plants), ac- 
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curate quantitative studies on pharmacological behavior have in large* 
part been difficult or impossible, Quantitative methods have* ineiva.-ed 
hand in hand with advances in chemistry that have gi\cn u-, in place of 
mixtures, the well-defined chemical bodies that we know as the alkaloid* 
and the chemically constant active principles nf various plants and m* 
gans. Yet, in the comparative study of the behavior of such well deliued 
chemical compounds, to which wo can at mire add the various acid-, at 
kalies, and salts that form a goodly portion of our therapeutic armamen- 
tarium, we have gotten only little beyond the point hi which firrrrnfmjr 
solution# of the various compounds arc* used. In order to make proper 
comparisons between the pharmacological action of various chemical com- 
pounds, it is necessary for us to compare* amounts that are not -'imply 
equivalent in weight (as in percentage solutions), hut that are equhalent. 
from various physicochemical points of view. A definition »»f a few 
standards used in this regard is, therefore*, in order, for we* -.hall have* 
to use these in our further discussion. Comparative studio- with solu- 
tions of ('(pud percentage arc practically worthless, for re.i-ojtr- that will 
appear shortly. 

The gram-molecule is a convenient unit. This is the molecular weight 
of the substance under consideration expressed in grams. A arum mole- 
cule of hydrochloric, acid is df>.4(> grams; of sodium eldorid, r*s,;»n gram-; 
of ethyl alcohol, 40.05 grams. If the substance contains water of ery-tal 
libation the molecular weight of this expressed in gratis is added to dial, 
of the substance itself. A gram-molecule of dried .-odium eurhomile 
(Na a 0O 8 ) is 100.10 grams, but of the crystalline compound i N;i.TO ;i 
10 HuO) it is 380.20 grams. 

A gram-molecular solution (or a molecular or molar solution) con- 
tains a gram-molecule of any substance dissolved in enough water to 
make a liter. If only one-half tin* gram-molecular weight i- di—ohed 
in enough water to make a liter we have a one-half molecular -elution: if 
one-eighth the gram-molecular solution is present in the liter, a one eighth 
molecular solution, etc. Solutions that have the same number of grain* 
molecules of various substances dissolved in the unit, volume are *>/ut 
molecular. 

It is at once apparent that, if the dissolved substances do not undergo 
any change on being dissolved, the Hume number of dissolved uioIpcu te- 
am present in all equi molecular solutions. When we employ equiuiole 
cular solutions in pharmacological study we an*, therefore*, able to com 
pare the behavior of a definite number of the molecules of one Mib-ianee 
with the behavior of the same number of another substance. 

"VVe can illustrate the advantages of employing such molecular solu- 
tions in pharmacological study in place of percentage solution-, in the 
following way; It is ordinarily stated that, of the three salts, potu-sium 
bromid, sodium bromid, and lithium brnniid, the last-named acts more 
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powerfully than the other two. This is on the basis of equal amounts by 
weight of the three substances being given (say in 10 per cent, solutions) . 
When we compare the molecular weights of these three substances (which 
stand to each other as 110.11, 103.01, 8G.99), the reason for this ap- 
parent inequality in action becomes evident. The chief physiological or 
therapeutic effect of these three bromids resides in their bromin content, 
and (roughly) a 12 per cent, solution of the potassium salt is required 
to furnish the same amount of bromin as a 10 per cent, solution of the 
(anhydrous) sodium salt, or an 8.7 per cent, of the lithium salt. Or, 
to apply this to daily practice, when we substitute a gram dose of lithium 
bromid for a gram dose of potassium bromid, we are giving a third more 
of the active constituent of our drug. 

For certain puiq>oses in pharmacological study it is well to employ 
normal solutions. A normal solution is a gram-molecular solution, pro- 
vided the dissolved substance is monobasic. In other words, the power 
of the substance to displace hydrogen is taken into consideration. So 
a normal solution of hydrochloric acid contains a gram-molecule (36.46 
grams) of the pure acid in the liter of finished solution. But to get a 
normal solution of the dibasic sulphuric acid, only 49.04 grams, that is 
to say, only one-half the molecular weight (=98.08), are used; or of the 
tribasie phosphoric acid, only 32.67 grains (=1/3 its molecular weight, 
9S.02). Similarly, a normal solution of sodium clilorid (molecular 
weight, 68.5) contains 58.5 grams in the liter of solution, while a normal 
solution of trisodium phosphate (Ha 3 P0 4 . 12IRO, molecular weight, 
380.34) contains only 126.78 grams. Clearly, therefore, the familiar 
normal solutions of the chemists are the same as the molecular solutions 
more commonly employed by the physiologists, provided monobasic acids 
or salts arc involved. But, if polybasic substances are under considera- 
tion, then a normal solution of a dibasic compound has only half the 
concentration of a molecular solution of the same compound; a normal 
solution of a tribasie compound only one- third the concentrations of a 
molecular solution of this same substance, etc.'* 

A third basis upon which the solutions of various substances must 
at times be standardized is that of their ionic concentration. When the 
electrolytes go into solution in water they become dissociated, as we found 
above. * But the degree of dissociation is not the same for all electrolytes, 
and under all conditions. So, for example, if we take a series of equi- 
normal acids, the number of hydrogen ions in these is by no means the 
same. Strong acids, such as hydrochloric, nitric, or sulphuric, will in 

* Tho ‘ 1 physiological salt solution” or “normal salt solution” of our physiological 
laboratories, hospitals, etc., has absolutely nothing to do with the normal solutions being 
discussed hero. The terms are misnomers anil mean nothing, and should disappear from 
use. We should speak of an 0.85 per cent, or 0.9 per cent, sodium clilorid solution, if 
that is what we mean by these terms. 
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dilute solution, be almost, entirely dissociated, but the weak iu*ids such as 
acetic or carbonic, will be dissociated only very little. Suppose, now, that, 
we are trying to determine the relative value < >1 different acid", in the 
digestion of the proteins under the influence of pepMii. It L not sutli- 
cient under such circumstances to work only with equinormni acid m»1u- 
tion3. It is also necessary to work with solutions that, have the same 
ionic concentration. .For flic methods employed in the preparation of 
such solutions the larger textbooks of physical chemistry must. In* con- 
sulted. 


EQUILIBRIUM 

Living matter represents nothing but. a series of physicochemical re- 
actions of such a nature that, the materials necessary fur the-e reactions 
are sought by the living matter (that, is, by certain of the physicochem- 
ical reactions themselves), while at the Maine time the products of these 
physicochemical reactions, which if allowed to accumulate would bring 
the whole series to a stop, are properly disposed of, the sum lulal of re- 
actions being accomplished in such a way that the system in which these 
reactions are taking place (living matter itself) undergoc.s no marked 
changes over long periods of time. What, is meant by a long period of 
lime is simply a matter of definition; in the east* of some of the insects 
it may he hut a few hours; in some of the higher animals a century. Tin* 
maintenance of the system constitutes physiology and normal lift*; every 
interference with it, pathology and disease. The purpose uf prevent i\e 
medicine is the maintenance of the former; the purpose of therapy tin- 
relief of the latter, ami its restoration, if possible, to the former. The 
whole is governed by the laws of equilibrium (11). 

We can best see, what all this means in the ease of man if we emi-idcr 
the ameba. The umeba lives in a state of equilibrium with iK .-nrround 
ings. If we take it out. of its pond and put it in distilled water it dies. 
If wo put it in a strong salt solution it dies, or if we keep it in iN own 
pond water, hut cover this so that, no air can got. to the surface of tin* 
water and into solution in the. water, it dies. The grosser rea-on* for all 
this arc easily given. Pond water contains besides water certain salts and 
oxygen. The water in the organism is in equilibrium with the water in 
the pond; the salts in the organism are in equilibrium with the in 

the pond water; the oxygen dissolved in the protoplasm is in equilibrium 
with the oxygen dissolved in the poind water. To pul the ameba under 
any of the conditions mentioned above is to change one (or indirectly 
several) of these equilibria, and, if any of them is sutliciently changed, 
then that normal system of physicochemical reactions that we call life 
is disturbed, maybe to the point of cessation. In the distilled water the 
ameba loses its salts down to a fatal point; from the concentrated salt 
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solution it absorbs more of these than the physicochemical reactions can 
stand ; when the entrance of oxygen into the water is rendered impossible, 
then none gets into the living ameba, and so its normal oxidative processes 
are interfered with, and it dies. 

We can, on the other hand, kill our ameba by furnishing it the pond 
water, but by placing it in a position which does not permit it to rid 
itself of the products of its physicochemical reactions. So, if we allow 
the water to get stagnant, it will die. Under these circumstances the 
carbonic acid and other products of its activity accumulate in the water 
about the ameba, and in the ameba itself, and, as the organism cannot 
bear more than a certain concentration of those products, it dies. 

The extremes between which our ameba is able to still maintain itself 
(minimal salt concentration, minimal oxygen concentration, maximal car- 
bonic acid concentration) are highly important for its life — they con- 
stitute the measure of ihc resistance of the organism to such conditions. 

What has just been said continues to bold true, if, without changing 
another word, we write brain cell, or muscle cell, or connective tissue 
cell in place of the term ameba in what we have been discussing. Eor 
pond water we may substitute the term blood, or lymph ; in place of oxy- 
gen above the water we may say the air in the lungs ; in place of stagnant 
water we may say sweatshop atmosphere. Every cell in the multicellular 
organism is in the same situation as the ameba, and as dependent as this 
upon the liquid medium that surrounds it. If we bear these points in 
mind, the physical chemistry of a therapeutics that urges water, a proper 
salt ration, the out-of-doors life, and a ventilated shop system upon us at 
once becomes clear. These are the everyday illustrations of the laws of 
equilibrium that are ordinarily only murmured within the walls of the 
laboratory. 

We shall illustrate this matter of equilibrium a little further: Sup- 
pose we have any vessel partially filled with water, and above this any 
gas, such as oxygen. This oxygen will go into solution in the water up 
to a certain point, when no more will ho dissolved. If now we increase 
the pressure of oxygen in the space above the water, then more of the 
oxygen goes into solution; or, if we reduce this pressure, some that has 
gone into solution will again escape. The process is, therefore, reversible. 
Eor any given pressure of the gas there is always a certain amount of 
.this gas dissolved in the water. In other words, the dissolved gas is 
always in equilibrium with the gas above it. We represent this as follows : 

Oxygen ~ x Oxygen 

(Gas) (Dissolved in the 

water) 

But let us suppose that a substance capable of combining with tbe 
oxygen is dissolved in tbe water. As the dissolved oxygen combines 
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with this suhsi ance, tin* concentration of tlu* dissolved oxygen mu-t be 
reduced, and so llie previously established equilibrium i.** de-t r* »\ ed. In 
consequence of this more of the oxygen above I lit 1 water must now be taken 
up, and this continues until the whole system, in wliieb w< imw ba\e to 
consider three elements, is once more in equilibrium. In other words: 

Oxygen < Oxygen Ox \ gen 

(Above the water) (Dissolved in water) (.< ’omlmird) 

As a matter of fact, this is exactly what occurs in the blond wlten it 
passes through the lungs. The oxygen pressure in the alveoli of the lung-* 
being higher than that of the oxygen dissolved in vemm» blood, the oxygon 
passes from the alveoli into the blood. IJut hemoglobin i" ft mud in the 
blood, which is capable of taking up large quantities of oxxgeii t 1:!). in 
consequence of which the equilibrium existing between the oxygen in the 
air and the oxygen dissolved in the blood plasma is broken down in the 
direction toward the hemoglobin, and so more oxygen is taken tip b\ 
tlio plasma. And this continues until uu equilibrium exists in the three 
phases involved, thus: 

Oxygen < z > ' Oxygen Oxygen 

(In alveolar air) (Dissolved in plasma) (Combined with 

hemoglobin) 

When this arterial Wood gets to the tissues it meets a region in which 
the oxygen pressure is lower than that in the blood, and -o the dU*oIvcd 
oxygen in the plasma moves over into the hotly cells, in consequence of 
this the hemoglobin now gives up its oxygen to the plasma, ami thi- pruc 
ess continues until equilibrium is again restored. 

[Entirely analogous eonditions prevail in the case of carbonic acid, 
and tlie loss of the carbon dioxid from the lungs. The carbonic acid i- 
produced in the cells, and pusses over into the blood phmmu which p.i-e- 
by these cells and in which "the concentration of carbonic acid i- lower 
than in the body cells. As soon as the carbonic acid get?, into the blood 
plasma it begins to combine with the carbonates pres-ent here and make* 
bicarbonates out of them. The carbonates behave in this regard inward 
carbonic acid as hemoglobin did before toward oxygen. The Mate of 
equilibrium that tends to become established in the tissues mu\ be rep 
resented as follows: 

HoCO, H-jCOj, :£±: lU'O, 

(In the cells) (Dissolved in the (In combination with 

plasma) eurbomUvM 

When the venous blood gets to the lungs, whore the ( 4 0 2 ten-dun in the 
alveoli is low, the CJO3 of the carbonic acid found in the plasma e-enp. 
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(water remaining behind in the blood). As this happens the bicarbonates 
break down and give lip a part of their carbonic acid to the blood plasma, 
and this continues until equilibrium is again restored. 

A classical example of purely chemical equilibrium is furnished by 
the combination of ethyl alcohol with acetic acid. If at a definite tem- 
perature chemically equivalent amounts of acetic acid and ethyl alcohol 
are mixed together, a reaction ensues according to the following equation, 

CH,COOI-I + CgHjjOH = CH 3 GOO0 2 H 5 + H a O 
(acetic acid) (ethyl alcohol) (ethyl acetate) (water) 

The reaction takes place in the direction from left to right. If, now, 
we mix together chemically equivalent amounts of ethyl acetate and water, 
ethyl alcohol and acetic acid are formed. In other words, the above re- 
action takes place from right to left. Neither in the first nor in the second 
instance does the reaction become complete. Before the given amounts 
of acetic acid and ethyl alcohol, or ethyl acetate and water, have under- 
gone complete decomposition, the reaction comes to a standstill. Such 
a reaction which can take place from right to left as well as from left to 
right is called a reversible reaction. We indicate this as we have done 
above in the case of oxygen and carbonic acid as follows: 

oh 3 oooh+o 2 h b oh^±: ch 3 cooc 2 h b +h 2 o 

It can be readily seen that, when equilibrium is established in a re- 
versible reaction, the four substances reacting with each other are present 
in the reaction mixture. The characteristic feature of such a -condition 
of equilibrium is found in the fact that under the same external condi- 
tions it is always the same, no matter from which side it is reached. In 
other words, it is immaterial whether chemically equivalent amounts of 
acetic acid and ethyl alcohol or chemically equivalent amounts of ethyl 
acetate and water are mixed together. The condition of equilibrium is 
in the end the same in either case. 

Although we say ordinarily that when equilibrium has been estab- 
lished the reaction has come to a standstill, this is really incorrect. When 
equilibrium lias been established between the two sides of an equation 
it really means that the chemical changes are still going on, only the 
amount of change in the one direction is exactly counterbalanced by the 
reverse change in the opposite direction. The reaction is, therefore, sta - 
t ionary. 

What happens if after equilibrium has been established we introduce 
into the reaction mixture either ethyl acetate or acetic acid and alcohol, 
or remove either of these from the amounts that are present.? Clearly 
this must disturb the existing equilibrium, and,, depending upon the side 
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upon which tliis disturbance has taken place, more eth\l acetate and water 
must ho formed, or more ethyl alcohol and acclic acid. 

Upon the operation of those laws of equilibrium depend not only all 
the processes of normal absorption and secretion by the living animal, but, 
all those of abnormal absorption and secretion that arc better Known to 
ns under the headings of intoxication, and its reverse, tlctuxtcnliun. How 
to prevent the former, and how to aid the latter, constitute two cardinal 
problems in therapy. 


DIFFUSION 

If we very carefully pour some distilled water upon a concent rated 
solution of copper sulphate, the colored layer does not immediately mi\ 
with the clear water above it. If we set. the apparatus a-mle in a quiet 
place and watch it, we notice that the him* color gradually .spread* up- 
ward through llie clear water until in the end the whole ve.^el eouiain* 
a uniformly blue solution. The dissolved particles of copper -ulphute 
spread upward into the clear water by a process of tliftunion. 

To return once more to our amelia in it* pond water { which we have 
made analogous to llie individual cells eompo*ing man Mirnmuded hv 
their blood and lymph), we can say that all tin* substances ne«v-,-arv for 
the life of this amelia, or the various poisons that, may be added in the 
pond water to injure or kill the amelia, get from the pond water into 
the organism hv a similar process of diffusion, (\mver*elv, tin* poisonous 
products formed hy llie ameba in its daily life, or the *ulMai»ee~ which 
have accidentally found their way into the organ i*m and are capable of 
acting as poisons, can get. out. of the ameba into the surrounding medium 
(and so be swept away) only through this same properly of diiVu-i«m. 

We have already discussed how important a part the law* of equilib- 
rium play in this process of diffusion. Diffusion is j»«.*-ible only lncau-e 
the distribution of the dissolved suhstanees in the system under dDeii^ion 
is not of such a character as to have the whole in equilibrium. Komi 
substances, oxygen, and poisons diffuse into tin* living ameba becau-e tin* 
concentration of these within tin* ameba is less than that iinv-.-ari. to 
establish an equilibrium between these substance* as found hen* m,d tlm 
same substances found in the pond water. Similarly, tin* various poDme 
ous products and many of the normal constituents of protoplasm, tmiublv 
the salts, diffuse out because the concent rat ion of these in the pond water 
is loss than sufficient to be in equilibrium with these same nib-tauc-s a* 
found in the protoplasm of the ameba. Upon tin* maintenance «»f a proper 
concentration of food supply, medicinal agent, or poison in the pond 
water (or blood and lymph) depend in the lirsl instance proper nutrition 
and adequate therapy, or an intoxication. Upon the* maintenance of a 
sufficiently low concern! ration of the involved substances in the second 
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case (circulation of fresh water about the arneba, administration of water 
to a poisoned man) depends the removal of the poisonous substances 
from the intoxicated cell, while there resides iu this good therapeutic 
procedure the danger at the same time of injuring the involved cells by 
allowing the diffusion out of them of some of their normal constituents. 

We have now to consider some of the factors that modify the problem 
of diffusion as this operates in the living animal. Thus far we have en- 
tirely ignored the time factor , and, secondly, the fact that living cells are 
more than mere isolated drops of water. In other words, the nature of 
the diffusing substances and the constitution of protoplasm affect this 
process of diffusion as originally described in our cylinder of water, at 
the bottom of which we had placed a concentrated copper sulphate solution. 

We have already touched upon one great classification of the various 
substances that are concerned in the physiological and therapeutic aspects 
of this problem of diffusion. The state in which a chemical compound 
exists affects its diffusion behavior. The colloids we noted above scarcely 
diffuse at all when compared with the way in which crystalloids diffuse. 
Herein, for example, resides one of the great purposes of digestion. 
Through digestion the colloid proteins, carbohydrates, and fats are 
changed into compounds that are crystalloidal in character, and so from 
a state in which they practically cannot diffuse into living cells to one in 
which they do this promptly. 

But eveu among the crystalloids the rate at which diffusion occurs 
is by no means the same. The diffusion velocity of sodium chlorid, dex- 
trose, and magnesium sulphate decreases in the order named. Similarly, 
the rate of diffusion of these substances into cells (their absorption) 
decreases in the order named (13). 

Along with these specific differences in the rate of diffusion of differ- 
ent dissolved substances wc liave to remember that, if we are dealing with 
a mixture of diffusing substances, the one may modify the rate of diffusion 
of the oilier, as this would have appeared had it alone been in solution 
(Arrhenius, 3d). 

Another factor that influences this problem of diffusion as observed 
in living matter resides in the fact that protoplasm is not a pure solvent 
(water), but a colloidal mass. It used to be held that diffusion occurs 
just as readily into and through such a colloidal mass as gelatin or agar- 
agar as into and through pure water, hut this is not strictly true. The 
presence of colloidal material retards the rate of diffusion of dissolved 
substances, and this the more, the higher the concentration of the colloid 
in the medium into which diffusion is occurring (3.5). Or, to apply this 
to the problem of pharmacology, a dissolved substance will enter the 
protein portions of a cell less rapidly than pure water ; or, if different cells 
are involved, it will enter most rapidly into those which .are richest in 
water. How, since the water capacity of any tissue cell varies under 
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physiological and pathological conditions {normal water content and 
edematous state), it is evident that corresponding herewith -nh-uni*fH 
may diffuse, into cells more rapidly at one time {.say in certain din-a.-es) 
than at another. 


DISTRIBUTION 

Thus far our argument has shown 11s that diffusion occur.*- from a 
region of higher concentration to one of a lower concentration, and lias 
seemed to indicate that, this will go oil until the eoneent ration of each 
of the diffusing substances is the same everywhere. In other word-, it, 
has seemed as though the attainment of a state of equilibrium i.- anony- 
mous with equality of distribution. 

So, for example, in our ameba we, have made it appear that equilib- 
rium would he established between the amelia and the pond water sur- 
rounding it. as soon as the eoneent rat ion of every dissolved snb-taner in 
the two phases is the same. The same would hold true of the itidhiduu! 
cells of the multicellular organism. So we might Mtppo-e that after a 
dose of potassium iodid or strychnin or alcohol to a patient, equilibrium 
would be attained as soon as the distribution of these various drug- was 
the same in all the tissue's and fluids of the body. 

Actually we know tlml nothing of the sort occurs. In fad, w»* know 
that a uniform distribution of any dissolved sub-laiuv throughout the 
cells and fluids of a living organism probably never occur-*. S«» tin* e.*n 
ceutration of tlio various salts in the ameba is not that of tle-e -nine 
sails in the pond water; and tin* potassium iodid, the -inehnin, mid the 
alcohol distribute themselves very unequally through the uiidftceMiil.ir 
organism. The iodids are likely to aeeumulate in the thyroid : tin -'r\eh- 
nin in the spinal cord; the alcohol in the brain. Tln-e tticqu.dif i* • in 
distribution are pointed to by men who believe that we shall ne\er he 
able to interpret all life phenomena on a purely phy-ifnehoiuh-ul b,» \ - 
as evidences indicating that living matter has “peculiar" proper? h - n.a 
know'll to the physical chemist, in his study of “dead" material. Such 
pessimism is at least premature. As the following .-how-, we are already 
in a position that permits us to account very easily for a large hulk of 
these phenomena. 

1. Inequalities in Distribution Due to Inequalities in Sou muiv 

When we take a solution of iodiu in water and cover this wiih »* liHe 
ether and shake the whole, W't* can see even from naked eye appearances 
that the iodiu is ultimately present in very unequal ci meet it ration- in 
the two liquids. While scarcely any color remains in the water, the ether 
shows a deep coloration with iodin. The process is a homely ilh^i ration 
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of the everyday chemical procedure that we call “shaking out with an 
immiscible liquid.” The extraction of the iodin from the water by the 
other depends upon the fact that iodin is soluble in the ether, and, in the 
example cited, the solubility of the iodin is so decidedly greater in the 
ether than in the water that practically all the iodin moves over into 
the ether phase. The ultimate state of equilibrium attained, which is char- 
acterized by this very unequal partition (distribution) of the dissolved 
substance between the water phase and the ether phase, is in this case due 
to the difference in the relative solubilities of the iodin in the water 
and in the ether. As the iodin is more soluble in ether than in water, 
most is ultimately found in the ether phase. If we take equal volumes of 
water and ether, and drop into the mixture a measured amount of iodin, 
say a gram, we find, when equilibrium has been attained, that (roughly) 
one-tenth of this has dissolved in the water and nine-tenths in the ether. 
If we use instead two grams of iodin, we have again the same proportion- 
ate distribution of the iodin, one-tenth of the amount added goes into 
the water, and nine-tenths goes into the ether. And this result is constant, 
no matter whether we first mix the water and the ether and then add the 
iodin, or whether we dissolve the iodin in the ether and then add the 
water, or vice versa. In the end the state of equilibrium attained is 
always the same. The proportion of iodin dissolved in each of the two 
phases — in this case a concentration of iodin nine times as high in the 
one as in the other — is always constant. We call this the distribution 
coefficient or coefficient of partition (16). 

In our discussion of the living cell so far we have spoken of its solvent 
powers for various substances chiefly from the standpoint of its water 
content. If the cell had solvent powers only so far as its water content 
is concerned, it is obvious that dissolved substances could never appear 
in it. in higher concentrations than those of these substances in the media 
surrounding the cell. But this conception of the cell is too limited. In 
addition to water, the various cells of all living organisms contain fat 
and fat-like bodies. The latter are called lipoids, and include such sub- 
stances as cliolesterin, lecithin, protagon, and cerebrin. We can see in 
advance, therefore, that the living cell must be able to take up (that is, 
dissolve or absorb) many substances that are better soluble in such fats 
and lipoids than in water, in greater amounts than the media surround- 
ing these cells which are less rich in, or devoid of, these substances. 

We are indebted to ITans Meyer (17) and to E, Overton (18) for 
recognizing llic great physiological and pharmacological importance of 
the facts here outlined. (The distribution law of Berthelot and Juug- 
ficisch, 1 (i. ) By methods which we need not discuss here, these authors 
found it possible to differentiate between substances which pass into or 
through cells very slowly, and those which pass rapidly. 

To the compounds which diffuse rapidly into protoplasm belong the 
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monatomic alcohols, aldehydes, am I ketones tin* hydrocarbon-, with one, 
two, and three cldorin atoms, the nilroalkv Is, the alkv leyanide-, flu* neut 
ral esters of inorganic, and many organic acids, anilin, etc. 1 In* dia'muic 
alcohols and the amids of monatomic acids jams into m*»n* -l«*\vl% ; 

and still more slowly glycerin, urea, and ervthrito. 1 he hexatomie al- 
cohols, the sugars with six carbon atoms (hexo.-e-O, the amino acid-, and 
the neutral .salts of the organic, acids diffuse into cell-. only verv -lowly 
(Overton, 18). 

A simple glance at the list just, given shows that we have (<■ deal hen 4 
with all manner of chemical substances. Some of the-e are relatively 
simple in composition, some very complex; some are of phv -inloomal tin- 
portanee, and are found as normal constituent* 4 nt the living cell; other* 4 
are entirely foreign to the living organism. What phy-dcoehemical char- 
acter have all these substances in common, which allow-* them to penetrate 
living cells with more than usual ease, and so to stand out from tie* areal 
group of the ordinary neutral salts, for example, which can penetrate 
tlic cells only much more slowly l 

An explanation frequently given and lung believed to In* the correct 
one is that the size of the molecules is the condition which determine* 
the entrance of the. dissolved particles. According to thi- com-rpi i«*n, the 
cell protoplasm as a whole, or the “ntembraneW (to he di-em-ed Inter) 
believed by many (including Overton) to exist about cell-, arc regarded 
as sieves which allow all molecules that do not e\ee» d a certain t/e to 
pass into the cell, while those larger than thin are held hack, ‘Hu* deli 
ciencies of any explanation which calls for the existence of membram s 
about cells we will point out later, lmt even now it mini he apparent 
that the sieve-like behavior attributed by some author- to «neh mem- 
branes or to protoplasm as a whole lacks all Mippo-f, for *-#-11 ■ which 
readily give pu*Migc to such large atomic aggregate- ». tin* alkaloid- and 
sodium salicylate hold buck the much simpler amino acid- and pofn - diim 
sulphate. 

The substances enumerated above enter cells became the cell e.m 
tain substance's which in their properties as solvent- behave not unlike 
ether. All those compounds which are more soluble in ether t and other 
oil-like bodies) than in waler must, therefore, pa— into and through 
cells containing ether-like solvents (fat, cholesteriu, lecithin, eerebrin. 
profagon), more rapidly than into and through such a- do not e*mt.iiti 
such solvents; and with a given cell the rapidity ami the absolute amount 
of any compound ultimately taken up must depend upon the relative 
degrees of solubility o1 the substance concerned in water and in tie- ether 
like bodies contained in the cells (distribution eoeHicient ). tn other 
words, it depends upon the distribution eoetlieient of the di—ohrd >-nb 
stance between the two phases (water and (Mlter-like t whether 

any dissolved substance will enter a cell slowly or rapidly, and whether 
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it will ultimately be found in tlie cell in a greater, in tbe same, or in 
a lower concentration than in the medium surround ing it. 

With these ideas in mind, it is only necessary to reexamine the list 
of substances which experiment has shown enter cells with more than 
usual velocity, and see if they are not all of them of a character which 
renders them more soluble in ethereal or oily substances than in water, 
and if those which stand first in the list and consequently enter cells most 
rapidly are not such as have the highest distribution coefficients in favor 
of the ethereal or oily substances. An illustration or two may make this 
clearer. The repeated substitution of an atom or a group of atoms for 
some other atom or group of atoms in a chemical compound is often 
accompanied by marked changes in the solubility of the compound and 
its derivatives. Glycerin enters a cell only very slowly. When an 
atom of clilorin is introduced into this compound, the new compound 
obtained enters protoplasm more rapidly, and, when two are introduced, 
still more rapidly, for those derivatives are more readily soluble in fats 
than the original glycerin. The same holds true of urea and its methyl- 
ated derivatives. While urea diffuses hut slowly into cells, the intro- 
duction of one, two, or three methyl radicals into this compound increases 
progressively its solubility iu fats, and also the rate of diffusion into 
living cells. 

The tremendous pharmacological importance of these simple facts is 
self-evident. In order that a substance may produce any physiological 
effect, it must first get into the coll. Other things being equal, we may 
therefore expect, a quicker and a more powerful effect from a lipoid- 
soluhle pharmacological preparation than from one that is not thus 
soluble (ID). Upon this depends a whole chapter in the chemistry of 
pharmacological preparations, in which some pharmacologically active 
compound, which in itself gets into cells only slowly and so is not very 
active, is made active by being introduced into some compound which is 
more readily soluble iu the lipoids. 

Tin 1 marked effect of all the anesthetics (chloroform, ether, alcohol, 
ethyl chloric!), and the various alkaloids (morpliin, cocam, atropin), is 
associated with the fact that, they arc lipoid-soluble. Their great effects 
upon the central nervous system are in large measure associated with 
the fact that nervous tissues are rich in fat and fat-like bodies, and so 
these tissues take up these substances with special avidity. We can 
appreciate also why a fat individual demands more anesthetic before 
going to sleep than does a lean one. Anesthesia, like all intoxication, is 
a matter not. of absolute amount present, hut of concentration. The 
various grades of anesthesia go hand in hand with definite concentrations 
of anesthetic in certain cells of the central nervous system. It must 
evidently take longer to attain this concentration in a fat man than in a 
lean one, for the ready solubility of the anesthetics in fat means that the 
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ordinary fat-containing cells of the* hotly limsl be saturated with anesthetic 
at the same time that we are trying to tit * this to certain cell*, in the cen- 
tral nervous system. And so a greater initial ab-olute amount oj aue-- 
thetie must ho taken iij» hy a lat individual than by a leaner one. 

2. Inequalities in DnsTuimmoN Duk to lxHirvi.rms in Aiw*i;i' 

THIN 

Hot, only may a living cell come to eoutain in tin* unit \o|uute a 
greater amount of a dissolved substance than does the -urreimdinu medium 
because the cell contains better solvents for the di— nlved -ith-tance than 
does the surrounding medium, but. it may take up an uuexpeeiedW ’urge 
amount because of its admrpiU'v powers. These adsorptive power* are 
associated with the fact that the cell is largely colloidal in it- make up, 
The general problem of adsorption may be illustrated as follow * t :M» \ : 

If we dissolve a dye in distilled water, we get a unilWmh colored 
solution. If, now, we divide the solution into two part.-, and add to the 
one a little finely powdered ehareoal and then shake both, we find after 
a little time that, while our control solution remain- entirely unaltered, 
the color has very largely disappeared from the other. We are nut deal 
ing here with a chemical reaction, — the pun* carbon that we added to 
the colored solution does not read chemically with an\ of the cmi tint 
ents in the lube. The powdered ehareoal has a great surface, and the 
action of this great surface* upon tlu* dissolved particle- of the dve ha* 
made this accumulate (condense) upon the surface of the charcoal. The 
theory of how this surface action is uccompl idicd need not interest u 
here. 

What lias been described is au example of tuisorjiftnn. Tin* charcoal 
used in the experiment is the adsorbent; the dye the ad-orbed *uh iatice. 

An enormous number of substances could be cited a- acting under 
various conditions as such adsorbents; and alnio-t any -uh-tunec could he 
given as an example of a material capable of being ad-orbed. Kudin, 
finely divided precipitates of all kinds, or any of the inorganic or *.rt*.mie 
colloids may take the place of carbon in the above experiment, and eeid , 
alkalies, and salts can he adsorbed in tin* same way ,-ts our readih \i- 
ible dye. Examples of adsorption are familiar to everyone. The chem 
ical decolorization of beers, sugars, etc., under the iutliieuee »>f unimul 
charcoal; the removal of color from a hath hy dipping wool, cotton, etc., 
into it (dyeing) ; the staining of histological specimen-, are all example 
of adsorption. 

The adsorption of any substance by an adsorbing agent is never com 
plete. In the case of a dye and charcoal, it is never po—ihle to take all 
of the dye out of the hath with tint charcoal, - a little alway.- remains 
behind. In other words, the distribution of tin* dye between the solvent 
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and tlie adsorbent is governed by the laws of equilibrium. If, after we 
have had the charcoal take as much of the dye out of the solution as is 
possible, we pour off the supernatant liquid and substitute pure water 
for it, then some of the dye will leave the charcoal and go back into solu- 
tion in the water. In this way we can again wash all the dye out of the 
charcoal. Conversely, if, after we have bad the charcoal take up as 
much dye as possible, wo add more dye to the supernatant liquid, then 
the charcoal will proceed to take up an additional amount from that 
which wo have added. 

The relationship between the concentration of the substance to be 
adsorbed and the amount taken up by the charcoal is an interesting one, 
and may be thus stated : From relatively dilute solutions the adsorbent 
will take up much, from more concentrated solutions relatively less, of 
tlie substance to be adsorbed. In other words, if at a certain concentra- 
tion we can take four-fifths of the dye present in a solution out of this 
with a given amount of charcoal, then, if tlie dye has a higher concentra- 
tion, we can take out only less than four-fifths, or, if it has a lower con- 
centration, more than four-fifths. 

Protoplasm behaves toward substances dissolved in a medium that 
surrounds it in an entirely similar way. This constitutes another reason 
why proto plasm may contain the same, a higher, or a lower concentra- 
tion of any dissolved substance tliau the medium surrounding it. The 
protoplasm (adsorbent) of different cells behaves differently toward the 
same external conditions, and so it comes to pass that, while all cells 
are bathed with essentially the same blood and the same lymph, they do 
not all adsorb the same amount of the proffered materials. In other 
words, equilibrium is not attained between the protoplasm of different 
cells and tho medium surrounding these, at exactly the same point. 
Hence it happens that the salt content of different cells is not only not 
the same under physiological conditions, hut, if we offer the cells of the 
body any pharmacological preparations (say an iodid), all the cells of 
tlie body will not take this up equally. So the thyroid, for example, 
because of its peculiarly high adsorbent powers for tlie iodids, will be 
found particularly rich in iodin after medication with this drug; iron 
will tend to collect in the liver and the mammary glands, etc. 

The adsorption properties of protoplasm are markedly influenced by 
various external conditions (21). If wo alter the reaction of the medium 
in which protoplasm finds itself (say from the normally neutral to an 
acid one), then the adsorption powers change most markedly. Thus a 
given tissue which under normal circumstances proved an excellent 
adsorbent for certain dissolved substances may practically lose this, or 
conversely, a tissue which before adsorbed a given substance only poorly 
may now take this lip with avidity. The pharmacological import of this 
is easily seen. The former is equivalent to a defective adsorption, tlie 
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second to an abnormally good one. Tlu* maintenance ut a normal pliwnl- 
ogy (absorption of food) depends upon t lit* iormer. or tin* propt-r absoj-p. 
tiou of a pharmacological preparation. Loss of ud.'orpiioit power may, 
therefore, Ik* followed by serious consequences. On the other hand, an 
increased adsorption power may be equally dangerous, tor a pharmaeo 
logical preparation which is absorbed but little by a given healthy tL-ne 
may in disease be absorbed so well that it produces unexpectedly powerful 
effects. 


3. In EQUALITIES IN DlSTIll ltUTlON DUE TO SPKCMKH' f’tl i:\1tr\i, 

J llPPKKKM'KH 

A third reason wliy a cell may contain Mib-lanees in a higher im* 
lower) concentration than the medium stt mm tiding’ the e«dl tv-dde- in 
tlie fact that the cell may contain substances capable of combining ehem 
ically with tlie proffered dissolved substance. So, for example, it' a cell 
contains iron, it is reasonable to expect in advance that the* cell will 
take up more of a proffered poison capable of combining with the iron 
(say a ferroeyanidc) than a cell not containing iron, nr ir<m in le-s 
amount. We need not multiply such illustration**, for tin* H -t i- a- long* 
as the list of chemical reactions capable of ensuing between the t.irinii* 
substances found in any living cell and t lie* substances that route normally 
or abnormally in contact with this cell. 

All the "specific” effects of various pharmacological preparation, of 
‘‘‘toxins,” of “ferments,” etc., and the “specific reaction-," «.f protoplasm 
due to these, arc generally regarded and might he used in illustration 
of such inequalities in distribution, as we are here dhem-hitr t t. Tlii J 
point of view is, in the main, correct. Hut it is likely to be carried too 
far. We are still too strongly under the iutluenee of the “purely chem- 
ical” point of view in this matter. We have already learned that many 
of the “specific immune reactions” art* not so intensely “-peeitie," and 
the whole realm of colloid chemistry is dotted with example* of reaction- 
that have hcon looked upon as "chemical” in character when further 

analysis has shown that what was considered "specific” in fh» rear 

tions did not depend upon the presence of certain chemical (’impounds, 
but rather upon the physical states in which the component*, of the mo- 
tions entered into these. 

4. Inequalities in Distribution Due to I ntmiki.ui nci i u,*m 

* AI I5M Hit AX Kn” 

Were we to sum up in a few words our conception of the structure 
of protoplasm as thus far developed, we could liken it fairly accurately 
to a mass of gelatin (protein) intimately mixed with more or le-s fat-like 
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material (the fats and lipoids), the whole being under physiological con- 
ditions immersed in a liquid (pond water in the case of onr ameba, or 
lymph and blood in the case of our body cells), from which the protein- 
fat mixture soaks up a certain amount of water as well as the various 
dissolved substances found in this water. What governs the matter of 
water absorption wo shall have occasion to discuss shortly. The absorp- 
tion of flic dissolved substances wc have made a matter of equilibrium 
between the medium outside the cell and the medium which constitutes 
the cell, and we have indicated liow the solubility characteristics, the 
phenomena of adsorption and chemical combination, influence the point 
at which equilibrium is reached. This simple picture of the cell fur- 
nishes to our minds an adequate conception of its main structure. 

But this is not the conception of the cell which all, or even the ma- 
jority, of biological workers accept as correct. Since the studies of W. 
Pfeifer and Hugo DeVries it has been generally held that both plant 
and animal cells have “membranes” (osmotic membranes or semiperme- 
ablo membranes) about them (23). This is a teaching which we be- 
lieve incorrect. The question is discussed in greater detail later, but it 
is brought up hero because, if such membranes existed about cells, they 
would bo an additional factor in determining the distribution of dis- 
solved substances between cells and their liquid surroundings. 

The original teachings of Pfeifer and DeVries held the membranes 
about, cells lo be entirely analogous to the osmotic membranes (the so- 
called soinipermoable precipitation membranes) of the physical chem- 
ists. Hindi membranes are freely permeable to the solvent (water), hut 
impermeable to substances dissolved in tlie solvent. Did such membranes 
exist about, cells, it is therefore clear that water could freely pass into 
and out of cells, but the substances dissolved in the water surrounding 
the cells could not get in, and those in solution within the cell could 
not get out. 

Oil tin* face of things, it is evident that, sucli a conception cannot be 
wholly correct, for, if cells had true semipermeable membranes about 
them, no food materials coulil ever get into them, no products of metab- 
olism get out, and this would mean death. So, for these true semiper- 
meahle membranes the move modern school has substituted such as are 
partially permeable, and very complicated these are (24). As we do 
not think that any such complicated structures exist, we shall not discuss 
them further. We only wish to emphasize the fact that, should such 
membranes ultimately be shown to exist, about cells, they will be capable 
of maintaining concentration differences (at least for shorter periods of 
time) between the dissolved substances within the cell and those with- 
out, for, if a membrane is permeable only to some dissolved substances, 
then those which cannot pass through may accumulate in unusual quan- 
tities either within or without the cell. 
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THE PHARMACOLOGICAL IMPORTANCE OF THE THEORY OF 
ELECTROLYTIC DISSOCIATION 

Tn the earlier portions of this chapter it was fouml that * *»*■ erwal 
loicls can he divided into two limit groups the eleetrohle- and i In ■ non 
electrolytes. When the elect rol\ tes go iutti .solution in water we find 
them to undergo dissociation, so that ions result. When we deal with 
the effect, upon protoplasm of various elect rohtes t ] i — .» *1 v» •« 1 in water, do 
we deal with the effects of the molecules ot these electrolyte-. »»r with 
the effects of the various ions which these Weld on solution ' S«» tar a- 
the pure chemistry of the* electrolytes is concerned, we Know that their 
behavior is determined, in the main, by the ion- the\ \ield on olutmn. 
So, for example, the various group reactions that we are t. uniliar with 
in chemistry sire now known to he essentially reactions between ion* of 
the same kind. The reason that all acids la.-te sour, redden lit mu , and 
attack metals is that on solution in water all acid*, yield hvdrogen ion*' 
the property that all acids have in common. Alkali**", on tin* other 
lumd, have an alkaline, taste, turn litmus blue, etc., heeau *• all have 
hydroxyl ions in common. 

The specific*, differences between different acid-* ari-e from the fact 
that tlio radicals united with tin* hydrogen in the molecular acid- are 
different, and when dissolved in water these form different kind- of ime, 
So hydrochloric acid and nitric acid, when devolved in water, arc the 
same in that both yield hydrogen ions, hut different in that the one \ iehk 
chlorin ions in addition, while the other yields NO., ion-. Similarly, the 
specific differences between the bases arc* to he nought in the -peeitie 
differences between the metals with which the h\dro.\\l in the ha*e t- 
combined. On solution in water the litiscs are all the •fame hi T hur they 
yield hydroxyl ions, lmt different iti that sodium h\dro\id \ irid hi 
addition sodium ions, potassium lmlroxid pota-dum i* *11*". and calcium 
liydroxid calcium ions. 

When silver nitrate is added to a mixture of different -ah , ,dl Hi* 
chlorids ai'e precipitated. This is because all the ehlortd- on .Minima 
in water yield chlorin ions, and the silver ions of tin* 4 her nitrate \- 4 
act with, those and produce a precipitate. When silver nitrate i- added 
to a substance in solution which contains chlorin, hut mu in a form 
which makes this appear as chlorin ions, no *aieh precipitate m ferine k 
Tims silver nitrate does not. precipitate the chlorin front a chlorate, for 
this does not yield Cl ions as does the chloral, hut CIO. mm: nor the 
chlorin out of chloroform which is a non-electrolyte, and therefore yield'* 
no 1021s at all. 

When we deal with the effects of the various acids, lame-, and -all* 
upon protoplasm, in other words, with the effects of thoe variou- idee 
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trolytes, do wo deal with the effects of the various molecules of these 
compounds or with the effects of the various ions that these yield in 
solution 't In greater part we deal with the effects of the various ions 
that those yield. 

The first proof of the truth of this statement was brought by H. Dreser 
(25), and in the field of pharmacology. Dreser was working with the 
effects of different mercury salts, and showed that their toxic action 
was primarily a function of the mercury ions they yield on solution in 
water. When the toxic effect of solutions of different mercury compounds 
containing the same amount of mercury in the unit volume are com- 
pared, it is found that, in spite of this fact, they have a very different 
degree of toxicity. Thus mercury sulphocyanate is more toxic than mer- 
cury cyanide, and this more toxic than mercury thiosulphate. While 
all these compounds yield mercury ions when dissolved in water, they 
yield an unequally great number. Corresponding to the fact that the 
first yields the largest number, it is found to be most toxic. 

The next evidence in this direction was brought by Griitzner (26), 
who showed that the toxic effect of various acids on nerves was chiefly 
a function of the hydrogen ions the acids yield, and that the degree of 
toxicity of different acids parallels (roughly) the degree of dissociation 
of tin* acids; in other words, the concentration of the hydrogen ions. 
Kahleuherg and True (27) brought out the same fact in studying the 
effect of various acids, bases, and salts on the growth of sprouting beans. 
These authors found that such sprouting beans will just live in solutions 
of flic strong acids (II Hr, 11(11, IINO : „ II 2 S0 4 ) when a gram-molecule 
of these substances is dissolved in 6,400 liters of water. In solutions as 
dilute as this, dissociation into ions is complete, and there are no longer 
present any molecules of the acid. Hence, the toxic action cannot he due 
to the molecules of acid. The toxic action can therefore he due only to 
the hydrogen ions, or to the different acid ions, or to these together. No 
toxic effect, is shown by a sodium elilorid solution, which is equimolecular 
with a toxic hydrochloric acid solution, and, since such a sodium elilorid 
solution yields just ns many chlorin ions as the acid solution, the toxic 
effect of tlic acid solution cannot be due to the chlorin ions. It must, 
therefore, he due to the hydrogen ions. 

By similar methods it can he shown that the toxic effect of hydroxids 
is chiefly a function of their hydroxyl ions. Sodium chlorid solutions 
having a concentration equivalent to toxic sodium hydroxid solutions are 
non-poisonous. Since both contain sodium ions and in the same con- 
centration, and since the hydroxid solution is toxic at a concentration 
when dissociation is complete, the toxic effect of the sodium hydroxid 
must he due to the hydroxyl ions. 

In the same way J. Loeb (28) has shown that the loss of irritability 
of a muscle and the amount of water this absorbs in an acid solution is 
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a function of the ions of tin* acid (‘miiMtunl ; Richard* l :,'ff ) ha- -h.»\\n 
that the taste of acids, alkalies, and .-alt- i- dependent upon the i* »rt - t h<*\ 
yield; Ivahlenberg and True, Paul and Kroiiig (ff<U, ;,nd Se|n urlt-n and 
Spiro (ffl), that. Ilie antise]itic action of varum- nu lallie -alt* i inrmirv, 
silver, gold) is determined in the main b\ tin* i«m- th* v v i * * i • 1 , ami is 
the greater the higher the number of poisonous ion- yielded. 

Since these earlier papers an enormous literature ha- -prumr up 
around this general subject, of the physiological effects of ion- \ 


THE EFFECT OF VARIOUS EXTERNAL CONDITIONS ON THE 
COLLOIDAL STATE 

Our discussion thus far lias brought us to a realization of tin* tact 
that tlic reactions which characterize the living cell occur in ,i colloidal 
medium; it has further indicated the mean- bv which variou- di- olu d 
substances get into ami out of this colloidal .-nb-tanee. \Y«. have now 
to discuss the relation of these two to each other; in other word * the 
action of the various substances which manage to get into or arc produced 
in and fail to get out of a cell upon this colloidal matrix, and emner-clv, 
the effect of the matrix upon the substances dissolved in it. 

We can sum up the problem involved from our -pedal viev. point bv 
discussing the effect of various external cunditinns upon fhc phnsint 1 *0/c 
of colloidal material (off). What is said under this heading utav flan 
with slight or no modification he directly applied to living prompla-m. 
We shall elioose. for special discussion the effects of a limited number 
of external conditions that, are of intere-t hreiun-e of their hearing up*. n 
pharmacology and therapeutics. 

All colloids, including those found in the living animal, are e..n 
veniently classed, as \\t iound above, into suspension colloid* and einul 
sion colloids. This elassiiieation is made, as wa- pointed out, on the 
basis of the relationship that exists between lhc-e colloid'’ ami the .d 
vent in which they find themselves. The suspension colloid- are not -o 
intimately associated with their solvent as are the emubion colloid-. 
While we can readily separate the solvent from the colloid in the tir-* 
case, this is done only with great dillieiilfy in the second. If i- p,.^iUe t 
for example, to separate in some suspension colloid- (the colloidal met* 
als) the solvent from the colloid bv suitable methods ,,f iilt ra ,iou; in 
the emulsion colloids no such simple procedure- -utliec. If we tale a 
swollen piece of gelatin, for example, it is well nigh imp..*-ible to -pn . /e 
the water out. of it by any gross mechanical mean*. 

Of the colloids that compose the mass of tin* animal hodv, the emu! 
sion colloids constitute the. chief hulk. In muscle, for example, we have 
about seventy-five per cent, water. Of the twenty-live per cent of -olid- 
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only our jut cent, in ut.1i ; the rest is, in the main, emulsion colloid 
material. 

C)1 the emulsion colloid material found in any cell or group of cells 
in I lie animal organism, the main bulk is protein, and, as this has been 
studied with special care, by Hofmeister (34), Spiro (35), Pauli (36), 
Hardy (37), Wolfgang Ostwald (38), von Schroeder (39), Handovsky 
(40), Schorr (4-1), Gertrude Moore and myself (42), we will devote our 
chief discussion to it. In this way we shall get at once not only a simple 
explanation of many phenomena that are familiar to every worker in. 
medicine, hut valuable principles, upon which to base a rational therapy. 

Tiu* proteins and the effect of various external conditions upon them 
have been studied from many points of view. Those which are most 
important "from a medical standpoint are the relationship of water ab- 
sorption to tin* slate of the colloid, the viscosity of the colloid, and the 
precipitation or coagulation * of the colloid. As we shall see shortly, a 
very simple relationship’ exists between those apparently detached prop- 
erties of tlu* colloid. To indicate the importance of a knowledge of the 
changes that occur in these simple properties of the colloids under various 
external conditions, we need but. mention the fact that the first of these 
properties of protein colloids controls, in the main, the whole question 
of how much water the cells or fluids of the body will hold under physio- 
logical and pathological conditions (normal cell turgor, 43; edema, 44) ; 
the viscosity of protein solutions is associated with the work the heart 
must do in pumping the* blood, the general problem of protoplasmic motion 
(migration of leukocytes, contraction of muscle, 45), and the phenomena 
of cell division; their precipitation and coagulation, with such changes 
as the stenminef'S of the eovnea in glaucoma (40), the graying of the 
parenchymatous organs in “cloudy swelling” (47), the changes produced 
by acids, caustics, and the metallic salts in pharmacology, etc. 

It is convenient, to begin our discussion with the matter of water 
absorption hv such protein colloids as gelatin or fibrin. 

When gelatin or some powdered fibrin is thrown into water it swells 
up somewhat (42). If the experiment is done quantitatively, and the 
gelatin or fibrin is thrown instead into a dilute acid, it is found that 
the colloid swells up very much more. Depending upon the concentra- 
tion of the acid, these colloids swell more and more with every increase 
in the concentration. But this is true only within certain limits. After 
a time a point is reached where the gelatin or fibrin does not swell more 

* It in necessary to distinguish between these two terms, for they represent 
radically different changes in Hie state of a colloid. We use the term precipitation 
if the change is reversible. We speak of the precipitation, of a protein with a salt 
of some kind, if, on removing the salt, the protein goes back into solution. If it 
fails to go back into solution, we say it is coagulated — in other words, the change is 
irreversible. 
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with a further increase in tin* coneenlrat imi of lit** acid, bin lm .. \Yhil»* 
all acids make gelatin nr fibrin swell, they are imi equally powerful in 
this regard. When cquiimrmal acids an* compared, hydrochloric arid h 
found to act more powerfully than nitric, and thw m«»n* powerfully than 
lactic or acetic, in the order named. Sulphuric acid -land- below the-e 
organic acids. 

These simple facts are of the greatest biological importance. What 
wo have said Hoarding tin* action of acids on protein colloid- e.iti he -aid 
without modification for tin* effect of acids in the nm-i \ aided pin -do 
logical and pliarmacological read ions. The satin* law- mwern the wav 
in which these acids reduce tl«* irritability of nerxe- i *p! i and tu>i-<*!e 
(as), kill bacteria -and the cells of higher plants t-7, affect the 

sense of taste (2!)), influence ehemotaxis ((iurrey, .‘Jif t, fax or flic ah . >r|» 
tion of water hv animal and plant tissues < li», pi, II, pi i, favor pro 
teulysis under the influence of pep-in ( IS), etc. \Ye are -afe in helu \ - 
ing, therefore, that the point of attack of tin* acid- is t h<- provin in 
the tissues, and that they influence tin* various biological ph« icam u.i 
considered by changing the slate of these colloids in the aiue way that 
they cliaugc the state of our gelatin or fibrin t I f * > . 

The swelling of gelatin or fibrin in any acid *»olutiou I m.irLtdlv 
reduced through tin* presence of any salt, even a neutral -ah *.’«<»*. So, 
if we add sodium ehlorid to a luetic acid solut'mn, the gelatin or fibrin 
contained in this medium will not absorb as much water a wh*u the 
salt is not present. The more sail, we add, the more i- the • aillim; of 
tlie colloid reduced, and if we add enough tin* swelling max he topped 
entirely. 

But the different salts are very unequally HTcctixc in dii> rn-ard. If 
wc compare a series of equimolceular salt solution-, .-ax odium .dr-, 
and at, a concentration that we are likely to encounter under phx-io 
logical or pharmacological conditions, it is found that ihe-e arrange them 
selves in a characteristic order. The ehlorid, hrmmd, and uhrufe 
the swelling of gelatin or fibrin in an acid solution !e-- ihan do 
sulphocyanufc, iodid, or acetate, and I best* less than the -ulpham. pho. 
pli ate, tartrate*, or citrate. It, on the other hand, we eompare a -eri» 
of salts having a common acid, say a series of ehlorid-, the mci.nlic 
elements in these salts assume a characteristic order. Ammonium, p.»u. 
slum, and sodium stand near each other; far more powerful than i h. -e 
arc magnesium, calcium, barium, and strontium, and yet more powerful 
are copper and iron. 

A similar series of statements may he made for the effect- of dif 
ferent alkalies on Hie swelling of gelatin or fibrin, and for dm etlWs- .*f 
different salts in jirodncing* water absorption hv these colloid- in an 
alkaline medium. 

When compared with the powerful effeels of die cl,..-* die 
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non-electrolytes liave hnt little effect in reducing the swelling of gelatin 
or fibrin in an acid solution. The amount of water absorbed by a given 
mass of gelatin or fibrin in a given concentration of acid is practically 
uninfluenced through the addition of urea, or ethyl* or methyl alcohol. 
This is also true of glycerin, dextrose, saccharose, etc., in the lower con- 
centrations, though in higher concentrations these inhibit the swelling 
of protein colloids in an acid medium. The same is true of the effect of 
non-electrolytes on the swelling of gelatin or fibrin in an alkaline medium, 
ddie reason why we lay stress upon the behavior in an acid medium is 
because we are chiefly interested in the carnivora, and the whole chem- 
istry of those animals tends to run the reaction of their tissues over toward 
the acid side. Onrbonic acid is the common product of normal carbohy- 
drate and fat metabolism, and, when the normal metabolism gives way 
to an abnormal one, the tendency of the tissues to become acid is enor- 
mously heightened, for in place of carbonic acid much stronger acids are 
produced. 

These facts may be at once transferred to our knowledge of the 
pharmacological behavior of many items in our pharmacopeia. We can 
set», first of all, why the electrolytes are in general far more active physio- 
logically than the non-elcetrolytes. Rut we can go further than this. 
That long series of physiological reactions which we have found to he 
identical point for point with the reactions of these simple colloids toward 
various external conditions, may now safely be regarded as reactions on 
the part of the colloids of the coll toward these same external conditions. 

A substance like fibrin, under ordinary circumstances, merely swells 
up in water; it, constitutes a semisolid mass. The same is true of gel- 
atin at lower temperatures. AVe can, without overstating the case, make 
the behavior of tiny fragments of fibrin identical with the behavior in 
certain directions of individual cells. Tiny fragments of fibrin have 
the consistency, the pliability, and the powers of water absorption and 
secretion that arc possessed by the individual body cells, say, for exam- 
ple, the rod blood-corpuscles. Fibrin behaves, therefore, like the solid 
constituents of our bodies. A mass of fibrin or a gelatin cake behaves 
not unlike a mass of animal cells. In certain directions a mass of gel- 
atin behaves like a muscle, an eye, a kidney, or a brain. But sucli semi- 
solid structures do not compose all of our bodies. Permeating these, we 
have streams of liquid colloid material called the blood and lymph, that 
are kept in constant motion by the heart, the pressure of muscles upon 
the vessels, the aspiration of the thorax, etc. We have been content to 
speak of these circulating streams thus far, in their relationship to the 
body dells, as identical with the pond water that washes about our primi- 
tive anieba. And this remains true, but there is one important difference 
between the pond water and our blood and lympli. This depends upon 
the fact that pond water is practically free from colloids; it is to all in- 
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tents and purposes plain water, in which some crvMulloidul elect rnhtrs 
and non-electrolytes are dissolved. I lit kmI and lymph, on the other lurid, 
are high in colloids. The water in pond water is e-.-entialU free. In 
the blood and lymph there is no free water; all the water i- hold in 
combination with the colloids found in them ( 1 * > ) , and the eleetrohh-. 
and non-electrolytes of the hlood and lymph are carried in thi- colloid 
water matrix (51). 

The hlood is essentially liquid in character. It corresponds in it- 
behavior not. with a solid cake of gelatin, but rather with a solution of 
gelatin; not with a mass of solid albumin like fihrin, but with a di--u|ved 
albumin like egg white, a globulin, or serum albumin, bet tt- a-k, then- 
fore, liow such a solution of a protein colloid helunes under \ari,»u- ex- 
ternal conditions. Tor an answer to thin qnc-tion we an- e*.peei.»llv 
indebted to Franz Ilofmeister (31), Wolfgang Pauli (3t5), W. 15. Hards 
(37), P. von Kehrocder (33), Hans Ilaiiduvsky (10), ami K. Selmri* 
(41). Wlic»n we deal with such liquid colloid** we camed n-e the char- 
acteristics that served us in a study of gelatin and lihrin. The ab-orp 
tion of water, for example, by a gelatin plali* can he accurately folh,w,*d 
by weighing tile plate; in the case of lihrin we can inca-ure the hehdit to 
which weighed quantities of this substance ri.-e in gla-4 tube- »»f -land- 
ard diameter, in the case of a colloidal solution we may a •• change-, 
in its viscosity, changes in its ))recipitahility or coagulability under the 
influence of heat <u* various ek‘ctrolytes and non-electrolyte-, ,»r change*- 
in its optical behavior. While wo shall learn later that all the.,* .are 
measures of tin? saint* type of change in tin* colloid, thc-e proper! ie*< are 
individually ol such great, biological and therapeutic importance ihal 
their individual discussion is not without value. A change in the \\. 
cosily of the hlood (52) constitutes one of the great variable- in the eir 
dilation, which determines how much work the heart hum do to keep 
this fluid circulating; preeipitahilily and coagulability of the liquid cd 
loids of the body is associated with the product inn and ah-m-ptiou ,,f 
corneal opacities, the changes incident to explore of part- „f d,,. \ ut ,\ s 
to heat and cold, the phenomena ol hlood and lymph coagulation ; jtjie 
optical properties of a colloid solution arc associated with tin- muinlr 
nance of the normal, and the establishment of abnormal iudiec- of re- 
fraction in the .clear media of the eye. 

Wolfgang Pauli (53) has studied a very pure liquid albumin Jo 
working with hlood serum from which the various admixed er\-a : dloidH 
have been removed through long dialysis of the blond agaiiM* drilled 
water. Such a solution is perfectly dear and entirely ‘-table. If rhe 
viscosity of such a preparation is measured, if is found to he consider 
ably higher than that of pure water. If a train* of acid b added, the 
viscosity is enormously increased. Hut to this there is an upper limit. 
In the case of such acids as hydrochloric, hydrobmmic, nitric, or Mil- 
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plume, a point is finally reached where a farther increase in the concen- 
tration of llie acid docs not further increase, hut decreases, the vis- 
cosity. Eor the weaker organic acids no such optimal point has yet been 
found. 

The addition of any salt to an acidified albumin markedly reduces 
the viscosity. The addition of a non-electrolyte is conspicuously less 
effective in this regard. With the same salt the degree of reduction of 
the viscosity increases with every increase in the concentration of the 
added salt. With a given concentration of any series of salts very dif- 
ferent effects are obtained. So, for example, when sodium salts are com- 
pared, the ehlorid, nitrate, and sulpliocyanate are found to he less power- 
ful in reducing the viscosity of an acidified albumin solution than the 
acetate or sulphate. 

A practically identical series of findings has been established for the 
effects of alkali and of alkali plus various electrolytes and non-electro- 
lytes on liquid protein. 

It is readily apparent from these remarks that the changes in the 
viscosity of a liquid protein and the absorption and secretion of water 
by gelatin or fibrin under identical conditions parallel each other. The 
fundamental change underlying both may, therefore, bo looked upon as 
being the same. We shall call it a change in ihc hydration capacity of 
protein colloids. What makes our gelatin or fibrin swell increases the 
viscosity of serum albumin, and vice versa. Wliat increases the hydration 
of a colloid increases the intimacy of its relation to its solvent, and so 
the stability of the colloidal solution. It will not surprise us, therefore, 
to have it. pointed out that those conditions which increase the hydration 
capacity of the protein colloids are the conditions which increase this 
stability, while conversely, those which decrease this must favor the 
precipitation and coagulation of the protein. A few illustrations of 
the behavior of protein toward various precipitants and coagulants will 
make this clearer. 

The* pure serum albumin already discussed is readily precipitated by 
heat or through the addition of alcohol. When a little acid is added to 
the blood serum the hydration capacity of the colloid is increased, and, 
corresponding therewith, its prceipitability through boat or alcohol is lost. 
Hut if yet more acid is added the hydration optimum for the protein is 
exceeded, and now the heat and the alcohol again regain their power to 
precipitate the protein. In a similar way the protein that has lost its 
procipitalnlity through heat, by having an acid added to it, has it re- 
stored when any salt is added, just as we previously found this to de- 
crease its hydration capacity. 

In this way wo sec how a scries of 'reactions in certain protein col- 
loids, which at first, sight seem to have nothing to do with each other, 
all come to be reducible to a comparatively simple series of changes. 



34 


PHYSIOOOlIEM I(\\L PRINCIPLES IN TI1KKAPY 


And so we also see how apparently widolv *nr;if *•«! and unrelated phv-io 
logical, pathological, and pharmacological phenomena ail c.. !{ , e «*• 1„. 
tlio expressions of the same simple* underhiug colloid triah , I lie 
mercury salt, that, kills bacteria, makes the tear- flow and ma\l'« blind', 
an eye; that kills in the same way some of the* inti-titiul flora, produe«.j 
a diarrhea and perhaps a coagulatiem necro-ds ot ihe miieoii- mmubrane, 
is only an electrolyte that is peculiarly powerful in making the hvdrntod 
protein colloids which we lind in the body give up their water and suffer 
the optical and solubility changes that go with Ihi- proit--. Ami the 
changes that characterize a glaucoma, a nephritic or a irenerali/.ed edema 
are in the main only the expression of an increased li\ drat ion capacity 
of the tissue colloids involved, and can be relieved by u*>ing fbose -ame 
electrolytes which wo found especially elfective in deerea-dm: the In. dra 
tion of these same body proteins upon which any one nun v.^rk in hi 
laboratory. 

THE EFFECT OF COLLOIDS UPON CRYSTALLOIDS 

The previous paragraphs dealt in the main with th«* eff» et of vari- 
ous external conditions, notably various er\’-talloid*', upon tin* fan* of 
the colloids that are of importance in the hodv, \\Y w i-li n«*« r«* brii th 
point out llie fact that colloids also offer! fhc stale of fht 
that art* brought in contact Avilli them. So main problem- in pat bokicv 
and preventive medieiiu* art* associated with chango- in l li«* • ohd>iiit\ 
chnracterislics of various mt balances found in our ti--ue*. and their * cjv 
lions, that a brief reference to this problem is not out of fbe way 
Not only is a normal or abnormal formation of bone a problem of tui 
character, but so is tin* formation of concretions in the brain, in the 
bladder, in the kidney or bladder, or the ilcpofitinti of urate-. » t»\, iu tie 
joints. 

Wolfgang Pauli and M. Santee (af» ) have made a careful imh .c* 
the solubility of various substances in colloidal protein -elution- a- 
pared Avith the solubility of these same substance* in water. In «i m-ua 
it may be said that the solubility of easily soluble elect r»d\ t« - i- - lieht’.v 
decreased through the presence of colloid material, while the -otidiiii'A 
of difficultly soluble substances is, on tin* other hand, often xen deeid« dly 
increased by this means. Tim removal or a change in the -tale of jhr 
colh ) i(l of a body tissue or u body lluid, b«* tht~ w r* unrht 

through bacteria, a dietary regime, or a pharmacologies] preparation, 
may, therefore, be followed by eonseipH*iu*es which, on the one band, d« - 
tormine the relief of a rickets,- the prevention of an attack of gout. or 
the prevention of tin* formation of a new set of kidney -joiio* ; *n\ the 
other, by the hastening of an arteriosclerotic process, or the deposition 
of more urates, bile salts, or earthy phosphates in the form of stones. 
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SURVEY AND APPLICATION 

We liave laid special stress thus far upon the application of an isolated 
number of physicochemical conceptions to the individual cell. We have 
now to discuss these conceptions from the standpoint of groups of cells, 
for instance, as in such a multicellular organism as man. We will find 
that the same laws are operative here, but some have acquired an exag- 
gerated importance, while others are hidden behind the complicating 
circumstances that spring out of the fact that the cells exist no longer in- 
dividually, but in groups, and. that special arrangements have been inti o- 
ducod to make life in such large groups possible. We no longer deal with 
the individual, hut with the society made up of individuals, and, while 
the physiology of the whole is still only the compound physiology of the 
individuals, these individuals have so specialized in their work and have 
introduced such new schemes into their collective life, that this at first 
sight, seems different from that of the individual who went to form the 
society. But it. is not. A second fact that must have become apparent is 
that we have not. been able to hold closely to our subject of therapy, but 
that we have found it necessary to move rapidly and easily between the 
realms of pure chemistry and physics and those of physiology, pathology, 
and pharmacology. The reasons for this are obvious. No real distinction 
exists between these realms. A therapy that involves discussion of so 
simple a matter as the vole of sodium ehlorid in the diet cannot be handled 
in any isolated way; we must know the role played by sodium chloric! 
and the theory of its action in normal physiology before we can intel- 
ligently discuss the, effects of its elimination or its addition to the diet 
under physiological or pathological conditions. 

Let us now see what, use may be made of the principles discussed in 
the* preceding pages when we deal with* so complex an organism as man. 
Wo will begin with the role of water in our everyday therapeutic pro- 
cedures, for, as we shall find, behind the biochemical behavior of water 
there is many a problem that at first sight appears to have nothing to 
do with this (56). 


1. Roue of Water 

We ordinarily take the metabolism of water in the body largely for 
granted. According to his desires, the normal individual consumes per 
day several liters of water or liquids containing water, and after a com- 
paratively short latent period he again eliminates this water in the form 
of urine’ sweat, or through the breath. Water has gone into the body 
and ciime out again, and the body is to all intents and purposes unchanged. 
And this is why we are so likely to ignore entirely this most important 
function. 
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Prom those simple statements, lot- u* remember lir-t ..f .til that we 
get a urinary output, (or an outpul of water I’mui tin* 1mm- or the -kin, 
if the temperature is high) that is proportional to the amount of water 
consumed. The fact Hint the law of the conservation of matter and « nergv 
works for water as for any other substance introduced info the Imdy i- 
overlooked all too often in our daily practice. When we w Mi more urine 
(or sweat), we must give more water, and, other thing- hi inti e»ju.d. we 
shall get this in proportion to the amount of water e«»n-uined, While a 
cry for more urine is heard daily tu every hospital, the luet that we eau 
obtain it only hy giving more water to our patient i- a^ ron-tuniK ig 
nored. Only water will yield more urine. It i- the one and only diu- 
retic. The substances that we eall d in reties are Mich oiilv heeun-e they 
aid in supplying water, as we shall see shortly. 

The loss of balance between the intake of water and the (diminution 
of water from Ihe hody represents a pathological '-fate. When wafer i- 
retained in the hody we call it edema. The oppn-ite slate i- ivpre eiifed 
hy an almonmil loss of water from the body, and i- not -o umeh « 1 i - 
cussed. Why has the normal body mi constant a content of wafer, and 
what has happened when a patient has developed an edema or lo t an 
abnormal amount of water ? W T bat principles must guide u« in the treat 
ment of the two last-named conditions? 

The absorption and secretion of water by all cells and ti--nc* that 
have been examined thus fur have been found, point f«»r point, to he 
identical, both from a qualitative and a quantitative viewpoint, with the 
absorption and secretion of water hy such protein colloid- a- fibrin, gel 
atin, or serum albumin. Our ameba lias a certain -i/e under normal 
conditions in its pond water. This is identical with the amount «d* wafer 
absorbed by a Hake of fibrin placed in ordinary water. If vv»* add a little 
acid to the pond water, the amelia swells, or, if we add -alt, if -brink'. 
This again is identical with the behavior of the tibrin flake in a dilute 
acid, or in a solution of salt. 

A conq ilex organism like a human being behave* in tup* like tie* 
ameba. Under normal eireum-tanees if has a certain water content which 
wc cannot increase or decrease by the giving of water alone, any more 
than we can increase the amount of water held hy the ameba by iuerea,- 
ing the size of the pond in which lie swims. 

The human hody is a system of colloids that is saturated will* water, 
and mere water drinking, for example, will not increase tin* amount of 
water 1 hose colloids will take up. 

ITow can we produce an edema? \Ye can produce thi- only b\ in 
creasing the capacity of the tissue colloids for water, so that when water 
is offered to them they will swell. The conditions that will thu* inerea-e 
the water capacity of colloids are various. In the east* of the protein 
colloids we found that acids are particularly potent, and so are the various 
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proteolytic enzymes. Under the influence of an abnormal acid (or an 
accumulation of other substances that are capable of increasing the hydra- 
tion capacity of the tissue colloids) we might, therefore, if a source of 
water is available, expect to have a water retention occur. The body 
colloids will swell; in other words, an edema will result. That such is 
the case lias been proved by many experiments. Not only will injection 
of acid into an animal lead to the development of a generalized edema, 
but the various conditions that are known to lead to a water retention 
in the body are all such as have associated with them an abnormal pro- 
duction or accumulation of acid in the tissues, as, for example, heart 
disease, respiratory disease, blood-vessel disease, passive congestion, in- 
toxication with anesthetics, intoxication with certain metals, intoxication 
with the toxins of many infectious diseases, etc. On the other hand, we 
have learned methods by which we can decrease the capacity of the tis- 
sue 1 colloids for water. So, notably, we found that the various salts are 
active in this regard. We have normally a certain salt concentration in 
the* hotly. If we increase it, the tissues give up water and the whole body 
loses weight, exactly as does our amelia when we drop him into a salt 
solution of a higher concentration than pond water. In the same way 
wo lost 1 water if hypertonic salt solutions are injected into our blood 
vessels, if wo take a cathartic salt, or if we try to subsist on sea water. 

An abnormally high or low water content may involve the whole body 
or it, may involve predominantly only a single organ or set of organs. 
It, may lust, a long time, as in elephantiasis; or only a short time, as in 
the loss of water following a cathartic. The abnormally high water con- 
tent of various organs has, on the whole, the greater interest. This is 
the prominent sign in many a specially-named pathological condition. 
So, for example, in the edema that affects the eye (which we call glau- 
coma), in that which affects the kidney (which we call nephritis), in 
that which affects the parenchymatous organs (which we call cloudy 
swelling). The important point in all this, from a therapeutic basis, is 
that just as we can reduce tlie normal water content of cells and tissues 
by various salts, so can we reduce an abnormally high water content in 
these edematous states and by the same means. The saline cathartic 
that makes the normal body give up water will also make the edematous 
body or organ give up water, and here we have a rational explanation 
of the benolieent. effects of the long established therapeutic use of these 
cathartic, salts in edema. But the explanation of how they act has been 
lacking. Wo have been in the habit of saying that a cathartic salt makes 
for a secretion of water into the bowel, and so for a loss of water from 
the edematous tissues. It is more correct to say that the salts diffuse 
into the tissues, which then liberate water. This “free” water comes out 
either through the bowel or through the kidneys. And now we see, too, 
why the saline cathartics have so long been identical with the saline 
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diuretics. They act on the tissues with which they come direrjlv in 
contact (bowel ami kidney"), and they a In* a<*t on all tin* othor ti^ne- *d 
the body, an action quite as important as th.il «»n the bowel and kidnev 
alone, for only in this way is “free'” water rendered available I » »r elim 
ination by these secretory organs (see below). 

Not alone have we learned in this way what is be -I in the therupv 
that tlie past has taught us, hut we have also learned to become erineal 
of other therapeutic measures that have thus come to in. 

So, for example, we must feel it wrong* h> stop the intake «d water h\ 
an edematous individual in the hope of decreasing his e.l. mu. i»r to { «iop 
it in a case of acute nephritis heeause we think this will throw Work on 
the kidneys, when wt* wish to “.spare" them. The giving of water can 
only indirectly aggravate an edema. A swelling kidney or hr.tiu r* mb- 
to shut off its own blood supplv and so to add to the condition. *\ Ii i**Ii are 
increasing flic hydration eapaeity of the involved ti-'io*-. \W roe* i tire 
danger incident to giving pure water ( which allows the »1 !• «i » I h* -well) 
by giving along with it eertuin halts. An edema is a -**I I" limit ing 
affair; the involved organ will take up water onlv to the -aturaiion 
point of its colloids. Ami not until theM* colloids are sit it rated will any 
“free 0 watc*r be left over to become available for urine. If wr* withhold 
water in order to reduce an edema, we may at tin* >;'ine line* e\prei m* 
urine and no sweat. Instead of increasing an edema, water i-. in the 
aggregate, more likely to decrease it. In being eliminated, the wafer ear 
ries off with it the substances which increase the hydration eapaeitv *#f the 
tissue colloids, thus decreasing this hydration capacity and eon cqmntly 
the. edema. 

The electrolytes all decrease the capacity of the t ?. — 11 ** colloid* f*»r 
water. As sodium chlorid is one of these, we shall be unable to id* 
scribe to tlm idea that, a restriction of this salt in the diet h right when 
we are tawing to reduce the edema in a patient. Sodium chlorid hmdd. 
on the contrary, ho urged upon the patient in his fund, hitwieii m* a! <, 
aiul, if necessary, it should Ik* given him by rectum or intravenomh . 

Whether wt* deal with a generalized edema or with a local *»ne, dm 
principles underlying its relief are always the same. .Therefore we -hull 
not he surprised to find that, just us sodium citrate will make the 
intestinal mucous membrane give up water, ii will al-o, when iuj*eOd 
subeonjunctivully, make a glaucomatous eye give up water, -*» relieving 
the glaucoma. Or, if a kidney has ceased to functional** bream** .*f a 
pregnancy intoxication or the action of an anesthetic or the to\in of an 
acute infectious disease, this may usually bo relieved by injecting -odium 
chlorid (and sodium carbonate to neutralize acid') intravenously in hy- 
pertonic solution. This makes the kidney colloids shrink, and the de 
cx*ease of swelling allows the kidney to gel a normal blond supply once 
more. T?v aethig upon the edematous brain, flic* edematous optic nerves. 
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and the body tissues generally it reduces the headache, vomiting, blind- 
ness, and the edema of the body tissues generally. At the same time 
the water freed in this way becomes available for urine, and[ the urinary 
output rises. 

In this connection it is well to emphasize two more points. The first 
of those is the reciprocal relationship that exists between the various 
secreting organs of the body. Since the sine qua non of every secretion 
is the obtaining of free water, it is clear that, if we use this up for one 
secretion, we cannot have it for another — a point that is frequently lost 
sight of. If wo wish to have urine from a kidney we cannot expect it 
if we are robbing the body of all its free water by sweating our patient 
(unless wo cover this by giving water) ; or, if we are robbing the body 
of water through a secretion into the bowel, we cannot at the same time 
have the water for urinary output or sweat. 

If these physicochemical conceptions arc correct, then we have also 
an insight into the ‘'‘diuretic” action of various pharmacological prod- 
ucts. The catTein derivatives aud digitalis will serve as good examples. 
We have already emphasized llio fact that only “free” water goes to 
the formation of any secretion. These “diuretics” can act, therefore, 
only because they furnish free water. This they do by increasing the 
force or the frequency of the heart beat and tbe depth and rapidity of 
respiration. In this way there is kept in contact with the body tissues 
a blood higher in oxygon and lower in carbonic acid than is the case when 
those drugs have not been taken. By this means tlie normal (or abnor- 
mal) acid content of the tissues is reduced, in consequence of which the 
hydration capacity of the tissue colloids is decreased. “Eree” water is 
thou given off to the blood, which may then escape as urine (or as some 
other secretion). 

Conversely, wo may expect a drop in all the secretions and a reten- 
tion of water if wo give any drug that has an opposite effect. The anes- 
thetics, alcohol in large amounts, atropin, morphin, etc., are examples of 
this class. These all permit a greater than normal accumulation of car- 
bonic (and other) acid in the tissues, and correspondingly they will de- 
crease* the output of urine, create thirst, lead to constipation, check sweat- 
ing, etc. At the same time wo learn from these simple facts that a 
reciprocal relation exists between the matter of water absorption and 
water secretion — the one is a mirror of the other, and that which favors 
the oiu* at the* same time hinders the other. 

What we have said holds for the ill as for the well body. In con- 
cluding these paragraphs it is only necessary to point out that, while in 
the ameba wo deal with a mass of colloid material so small that secre- 
tion or absorption affects the whole, this does not follow in the case 
of so large a colloidal mass as the human being. Here one organ 
or set of organs may he busily absorbing water, while another is 
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equally busy giving it up. A few words regarding thi- an* of 
therapeutic interest. 

Tlic problem involved is dearly presented to u- under pin * ml* .«i ie.it 
conditions in that almost any amount of water wo choo-e to coummc i- 
absorbed from our intestinal trad, while an equal amount tddn and 
lungs ignored) is given off by the kidm*\>. What i> tin* m* ehaui-m that 
accomplishes this? 

Let us first, ask what happens to the .'-wallowed water, ami bow it 
goes to form urine. What have llio.-e problems to do with our aiueba 
swimming about in its pond ( 

Wo have already paralleled the* general processes of water ab-orptiou 
and water secretion in the ameha with the bohador of a libriu ilake ttu 
tier similar conditions. The ameha is a spherical ma-s t »i colloidal mu 
terial that is saturated with water, mid, through change- in it* ph\-iou 
chemical surroundings, or through direct change-; in it- own chemical 
composition, it at, times takes up water ( ab-orption ), at time- ei\i- up 
water (secretion). But in a multicellular orguni-m the ph<-m>nc n,i of 
water absorption and secretion that confront u> do not at ti i — f ‘bdii -tnu 
to ho interpretable on any such simple bads as that outlined for the 
ameha. In mail, for example, we iiud whole organ- -et apart, and ivm 
ingly endowed only with powers of ab.-orptioig while otiier- arc apparent 
ly set apart to functionate only as secretory organs. ti become hard, 
for example, to see just what relat iomdiip exi-t- between a mue** ,il cell 
of tho small intestine, concerned ahno-t. exclusively with an aloorpibm 
of water from the lumen of the gut, or a kidney cell, concerned equally 
exclusively with a secretion of urine, and the ameha which now ah- orb 
and now secretes water either in response' to its own ph\ doloaical d» 
mauds or under the conditions with which experimentally w» are plea ed 
to surround it. And yet on closer analysis the difference U*t%\ten the 
two is not so striking. 

First of all, we appreciate the fact that the mnco-al cell i- an ah 
sorbing cell only so long as we look at it from the side of rhe lutm n of 
tho gut. If we regard it. from the blood vessel side, if i- a -eeretimr 
coll, for wliat if absorbs from the gut it give- up to the blo*»d, Sim 
ilarly, the kidney cell is a secreting cell only because we u-mdK look a: 
it from the point of view of being a producer of urine; a- a lu.i'tcr of 
fact, everything that goes to make up the normal urine \\a- absorbed 
from the blood. Lut, oven if we look at the matter from the narrower 
point of view, the intestinal cells under certain circum-tunee- become 
secreting cells, in that they secrete suh-tauees into the lumen of tie* in 
testines, and, according to judgment of some authors, certain kidney cell* 
may reabsorb materials that have been secreted by others. In e--enee, 
therefore, secretion and absorption in the higher animals is imt differmt 
from absorption and secretion as observed in an ameha. 'Phut which 
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remains, llierefore, to characterize absorption and secretion in the higher 
animals is merely this : that, under normal circumstances and from the 
point of view of the organism as a whole, absorption and secretion occur 
predominantly in one direction. What require special analysis are the 
conditions existing in the multicellular organism which make it possible 
tor certain cells and tissues thus to act predominantly as absorbing sys- 
tems, while others act predominantly as secreting systems. 

Let us see if we cannot define in general terms what must be the con- 
ditions lying at the bottom of this predominant functioning of certain 
cells and tissues in one direction, and do so on the basis of our belief 
that the colloidal constitution of the living cell is primarily responsible 
tor the phenomena of water absorption and secretion by the cell. 

The suneba, or an isolated cell or tissue derived from a higher ani- 
mal, kepi in a solution of any kind, is surrounded by this solution on 
all sides. Uould we imagine the chemical processes within these cells 
held in abeyance, then we can see how these cells would after a time get 
into a state of equilibrium with their surroundings. When this is brought 
about the cells neither absorb nor secrete water. Only as this equilibrium 
is disturbed, either through changes in the surroundings of these cells or 
through the specific chemical changes occurring in the cells, can we ex- 
pect, a renewed absorption or secretion. 

Under quite different conditions do we find the individual cells of 
the multicellular organism existing in the intact living body. While 
in a certain sense the internal activities of the ameba may he compared 
with those of the individual cells making up, say, the intestinal mucosa, 
and there exists a certain analogy between the fact that both are sur- 
rounded by a liquid medium, with this the analogy stops. For, while 
the ameba is surrounded on all sides by the same liquid medium, the cells 
of any of tlu* absorptive or secretory organs found, for instance, in a 
mammal, are, with different parts of their cell protoplasm, in contact- 
wit h entirely different media. The cells constituting the intestinal mu- 
cous membrane are bathed on the one side by intestinal contents, while 
on the other they arc* bathed by blood or lymph, or both together. Such 
cells, like any other absorptive or secretory cells similarly situated, are, 
therefore, in the predicament, of trying to get into equilibrium with as 
many different media as surround them. It is in trying to do this that 
all tlu* phenomena which we call absorption and secretion in the higher 
animals are produced. It is during its attempt to get into equilibrium 
with the* intestinal contents on the one side and the blood on the other 
that, the* mucosal cell (better, tlio colloidal membrane separating the in- 
testinal contents from the blood) absorbs the intestinal contents and trans- 
fers them to the blood. 

The body of a multicellular organism, such as a mammal, is like the 
individual ameba built up of colloidal material, which in the resting 
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state is saturated with water. To lie counted in with the c-dhddal true* 
turus llirtt make up this waler-sai uruted colloidal -N-tem <•{ fie- 
and composing; an integral part thereof, are tin* blood and fin l.'mph. 
The entire system will not take up more wafer, nor give up .iu\, ♦ \e, pi 
as chemieal changes are lir.-t produced in it which either iner* a e *>r de 
crease the capacity of the tissue colloid** f»»r water. 

The relationship between the absorption of water ir«*m the into final 
tract, and its secretion subsequently b\ the kidney i- ou-ily umler-fond 
when the following is borne in mind. The coll- ni ihe <iimH or large 
intestine will absorb water only il they are not already saturated with 
water. In consequence of the carbonic acid production in lb* e »•< )1>., 
they are rendered eapuble of taking up water tnnn da* intestinal lumen. 
But, as the blood circulates through the intestinal mue«.u-, nu uihr.ine, 
the carbonic acid i lift* uses over into it. Two chaugi *• f«di««w ltd-: Kir f, 
the capacity of the colloids in the tuueoii- membrane to ic*!d wao-r i», 
diminished; and, secondly, tin* capacity of the blood I which we have aid 
represented a water-sat lira ted colloidal solution) to take up wat**r i- 
at. the sanio time increased. A minimal calculation* -how that a lifer 
of blond in passing through the intestinal tract, where it cliuurt from 
arterial to venous blood, is made capable in dd- wa\ of taking tip at 
least, I7.r> cubic, et*ntinu‘ters of water. As long a- the circulation i* 
maintained, and as long as the cells produce carbonic acid, the info, 
tinal tract must, therefore, absorb water, if thi* i- made available l«v 
being in the lumen of the gut, Evidently the higher the earhonie acid 
(or other acid) content of the blood, the better absorbing medium for 
water must, it become. And so we are not .-urpri-cd to mac that water 
is best absorbed from the large* bowel when* the blood ha- u buddy 

venous character, and less well from (he small inte-tme, where (hi- i imf 
so markedly true. Water absorption from tin* stomach i- >eareel\ p*>- 
sible, for this is so richly supplied with arterial blood that it acid omN nt 
scarcely varies. 

dust the reverse conditions are necessary if we are to obtain a e.-rc 
tion of water, A secretion can be gotten only from arterial hl.«»d. th;t‘ 
is to say, blood low in carbonic (or other) acid. The ven*»u- bio »l. which 
lias grown rich in earhonie acid ami water in its parage through The *n 
testinc, loses the earhonie acid (as <’ O a ) when it pu*-<- mm the lung-. 
When this happens the colloids of the blood can no longer hold all the 
water they had absorbed, so it becomes "free." Thi- arterial blood with 
its “free” water passes to tlu* kidney, and here the free water i di::i 
inated as urine. 

We arc not surprised on this basis to find that during uh-ohife larva* 
tion the secretion of urine ceases ( practically) entirely. If the colloids 
of the body as a whole are saturated with water, none is left over to be 
secreted. Only as the tissues undergo a gradual consumption during 
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starvation, or their colloids suffer changes which decrease their capacity 
for holding water, is any liberated to become available for secretion. 

On the oilier hand, as we have already pointed out, if an animal that 
has its body colloids saturated with water consumes a quantity of water, 
after a time an amount of urine (or sweat or breath moisture) is se- 
creted which is equivalent to the amount that has been drunk. It does 
not matter how this water was introduced into the organism. It may 
have boon swallowed or introduced through a stomach tube into the ‘gas- 
trointestinal tract, or it may have been injected into the peritoneal cav- 
ity, under the skin, or directly into the blood. But let it be noted that 
the diuresis occurs only in proportion to the amount of ‘‘free” water 
present; in other words, as water not combined with a colloid. 

The correctness of these ideas is at once proved when we make the 
experiment of injecting intravenously in place of a physiological salt 
solution an equal volume of a solution in which the water is not “free,” 
but combined with a colloid (that is, in the form in which it exists in 
the body cells and fluids normally). Under such circumstances no in- 
creased water secretion in the form of urine (or sweat) results. When 
blood or blood serum or a gelatin solution is injected intravenously, no 
increased urinary output follows. 

These facts are of considerable therapeutic worth. We have enrpha- 
sized tilt! fact Hint, if w r e would get any urine (or sweat) from a patient 
we must iirst have all his tissue colloids saturated with water. After this 
has been accomplished, we shall obtain from him a urinary (or sweat) 
output only as we have administered water over and above the amount 
necessary for the saturation of all his colloids. Then we shall have a 
urinary output that is in proportion to the amount thus introduced. The 
blood is not that fathomless well for urine that many clinicians imagine 
it to lx*. 

Lei us ask now what happens, so far as urinary secretion is concerned, 
if we introduce with a given quantity of “free” water varying amounts 
of any salt. In discussing the absorption of water by protein colloids 
we found that all salts decrease the capacity of these colloids for holding 
water. Wo are not surprised, therefore, to noto that if we inject progres- 
sively stronger sodium ehlorid solutions intravenously we get (with a 
constant amount of water injection) a corresponding increase of urine. 
It is ordinarily said that such salt solutions “stimulate” the kidney. 
Aside from the fact that the word stimulation means nothing, this is 
too narrow an interpretation of the case. As we give progressively stronger 
salt solutions, we increase more and more the concentration of salt in 
the body tissues, which then give up water. This water is “free” and 
adds itself to the free water that we have introduced j therefore, we have 
a greater amount available for secretion as urine, sweat, etc. 

While sodium ehlorid makes a protein colloid give up water, other 
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salts, lilvo sodium phosphate, sodium -ulphate, -odium t* i t *’«i t » *. mui»ur-iwm 
sulphate, magnesium citrate, etc., act tar more povvrrtullv in Hij*' diree 
tion. It is because of ibis more powerful action that Hiev are called 
the saline diuretics. Their behavior'i- t«» be explained in I lie -aim* was 
as the behavior of sodium ehlorid — they make the tb-uo** *>t the bmls 
yield up water. 

The list of these .saline diuretics w identical with the li-f *d tin* 
saline cathartics. The reason for this is obvious I lie -*diu« cathartic*! 
do to the gastrointestinal tract what they do to any prnteiu colloid, a*' 
IT. Ilofmeister (f>T) iirst showed. In >pitc ot the tuauv complex <*x- 
pbuiations of the action of the cathartic salt-* that have been advanced 
since Ilofmoister’s work, we are destined to accept hi- i xplanatnui 

'We have now to look at our problem from another point of view. 
While sometimes we desire the body colloid** to give np wafer, nature 
at times furnishes pathological condition.*, in which vvr desire ju-f a 
reverse result. 

We can illustrate what is meant bv referring to the problem- pro 
senteil by such conditions as hemorrhage and -hook t .’»*.< J. The two 
conditions are liieuliunetl in the same sentence not atone became, from 
a clinical standpoint, they have much in common, but hecait-c rtii i* a l «> 
true from a therapeutic standpoint. In both we have a diminution in 
the volume of the circulating’ blood, and a good part of rh*< ther.tpv of 
these conditions consists in comhatiug this sign bv attempt inc to in- 
crease the volume of the circulating; blood. The varion- rher.ipeutic 
schemes that have been devised to accomplish this end are familiar ?*> 
everyone. What him* their relative merits M»0 ) i 

It is at once apparent that, t lit* injection of •■suit -elution into -neb 
individuals cun yield only temporary result*. We inject free wafer in 
this way, and free wilier does not remain in the blood ve—eh, but * * 
capes in a short, time through the various secretory organs of the U«dv, 
or is sucked into the tissues which, in hemorrhage or .-bock, arc lii.eh 
to have an increased capacity for water. Only wafer in combiuaf ion 
with a colloid will and can remain in the blood ve—els and hence Hie 
better results to be obtained by introducing, instead of sail solution**, 
blood, blood serum, or, if necessary, gelatin solutions. 

The same problem confronts us in the treatment of -ueh a condition 
as constipation when due, as is so often the ease, to a too per fee i ab-mp 
tion of water from the intestinal contents. When wv do not widi to 
prevent so perfect an absorption of water from the iitfr-iinal true! by 
giving cathartics which tend to make for a secretion of wafer him th>- 
bowel, then we can regulate the process by feeding malerial from which 
tho intestinal mucous membrane cannot absorb the water. If eamiot do 
this if we keep the water in the intestinal contents bound to a colloid. 
That is what happens when we prescribe a diet rich in celiuhx-c, or add 
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to the ordinary diet sucli substances as agar-agar (61), or the various 
Japanese sea-weeds from which this is made. Cellulose and agar-agar 
are colloidal substances that have a great affinity for water, so they hold 
it in the gastrointestinal tract in spite of the efforts of the colloids of 
the intestinal mucous membrane to get it out. Decause these colloids 
cannot get this water out, the intestinal contents remain soft, and so 
constipation is prevented. 


2. Absorption and Secretion of Dissolved Substances 

We have purposely laid so much stress upon the question of water 
absorption and water secretion from the body because tlie absorption 
and s rend ion of dissolved substances are intimately associated with and 
largely dependent upon this (50). Not only does this hold for the nor- 
mal absorption and secretion of such substances as serve as foods or rep- 
resent metabolic waste products, but also it holds for the absorption and 
secretion of substances which, either from a quantitative or a qualita- 
tive standpoint, are known to us as parts of our pharmacological or thera- 
peutic armamentarium. The general problems of intoxication and d&' 
toxical ion are found here (62). 

Let, us first, look at the problem as a whole. 

We have in tlu* earlier parts of this chapter always emphasized the 
behavior of the individual cell. The reason for this lies in the fact that 
the multieellulnr organism and its behavior represents merely the com- 
pounding of the behavior of many such cells and different kinds of cells. 
Ho we shall not. he surprised to find that everything wo have said re- 
garding the unicellular organism holds for the multicellular one, except 
that in this certain additional factors are introduced which somewhat 
complicate the picture and demand separate analysis. 

lint just as we were able in a rough way to look upon man, for ex- 
ample, as a huge mass of colloidal material which collectively resembled 
the small mass represented by an ameba in it4 behavior toward water, 
so similarly can we compare the large mass with the small in its be- 
havior toward dissolved substances. The ameba obtains all the various 
substances that it takes up from those which are dissolved in the water 
surrounding it; and it rids itself of such dissolved substances as it may 
have in excess in its protoplasm to this same water surrounding it. 

A human being docs in toto the same thing, only the mass of water 
available for such purposes seems comparatively small, and the processes 
of absorption and secretion of dissolved substances seem to be more 
intimately associated with certain organs. Thus wo usually absorb a 
food or a toxic agent from an aqueous solution of this contained in the 
gastrointestinal tract; we rid ourselves of these same substances by 



4G 


PIIYSTCOFIIEMIFAL PRINCIPLES IN THERAPY 


giving off an uipieous ndutinn * • i them that we linin'. I»ui t i it * 

processes involved in then* apparent ty eumples, act- an 4 in ♦ • * no, im 

different from those which wo onoonnit i*« •» I in **nr am«*i*.i. 

All llit* absorbing ami secreting "%-Ioiih ilial v.o rnc.r»n;..|* in tin* 
linimiu liotlv may ho roughly dhided i n t • » throo pha-e-. In fho ea-»* o| 
si r*1i an absorbing system as lliat presented hy tin* info-! in**, tin «• aro 
represented hv ft 1 ?} t lit 1 lualorial to ho ah-orbed, \l*\ do* «i 1 ii*l *i ti;» ti m*, 
and (r) tlu* hlootl or lymph. In tin* can* «d a •*ecretiiig ti-ui, mdi a. 

is roprosontod hy I lit 1 kidney, wo .similarly recog ui/c thne plot : i // ) 
the hlootl or lymph; ( h ) tho secreting tissues; (ct tin* nrim*. 

IjCt ns tako up first, tho manor of ulisorption and mm* wh.if th«* ,*>« m*ral 
mechanism of this is in I ho oaso of tho human being. 

When wo tako a moal t>r swallow a drug it is practically iipii.iihnt 
to saying that wo take* an mpioous solution of '*,,juet hing. Thi utjmoim 
solution may contain colloids (snoli as our ordinary food-, the ^ r^t i »****• , 
proteins, anti fats), or crystalloids (such a- salt, cam* -ntr.ir, -try elm in 
liydrochloritl, or Fowler's solution), This i*. tin* first phu-e of »*ur ah 
sorhing system. 

The second is a colloid membrane that is made tip of all tin* mietutv- 
lying hot ween the solution of substances pi ho iih-«urh**d ami tlu* bi««»*d 
or lympli. T'liis colloid membrane K therefore. a fairly tinu truoMin*, 
like a walcr-soaked leaf t>f gelatin. Only it nun m*t ho m ui’inly 
homogeneous. For instance, wo recognize the difference- th.i' may iv 
suit, from having tlifforonl. kinds of oolls in this ab-nrhiug mcmhr.tne, and 
then between tho different cells there may lie iutoroollul.tr uh rttmv" 
that ncotl not. he identical with I lie* material that huihb up any «»r all 
the various cells found here. I >11 f for the sake of simplify im* *.*ir .iryti 
ment l(*t, us imagine it to ho entirely homogeneous. 

The third phase in our absorptive system F represented hy tic blood. 
This is also made up of colloidal material, hut it is not solid, if i. R»piid. 
It corresponds, therefore, to a solution of gelatin. 

What must happen in such a system ( 

We have already discussed what must happen hi far a** the v\a'*r 
contained in the first of these systems that K the water in 5 he lumen 
of the gastrointestinal tract — is concerned. The m*\t fad to le empha 
sized is that the absorption of this and the absorption of Htb-htnei- di* 
solved in it are two distinct processes. .-1 solution is urn r 
as such. 

Let us here interject, that the mixture which we originally introduced 
into the gastrointestinal tract undergoes a simplification to thi- extent : 
all the various colloids that may have originally been in it art- converted 
into crystalloids before they’ are absorbed. From an academic standpoint 
this is not strictly true, hut for practical purposes it is. The colloidal 
proteins are converted into aminoachls; the colloidal carbohydrates into 
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dextrose ; the colloidal fats into fatty acid and glycerol ; colloidal drugs 
are converted into crystalloidal form, etc. 

Whenever a solution is seen to he absorbed we are observing the com- 
posite of the absorption of the solvent plus the absorption of each in- 
dividual substance dissolved in that solvent. For example, when any 
solution is introduced into the intestine, each one of the dissolved sub- 
stances diffuses into the wall of the intestine until an equilibrium is es- 
tablished in the distribution of each of these substances between the liquid 
phase represented by the solution and the more solid phase represented 
by the (colloidal) intestinal wall. Similarly, every substance present in 
the intestinal wall tends to diffuse out into the solution to the establish- 
ment of an equilibrium. In biological material it has been very generally 
assumed that the distribution of dissolved substances between two such 
phases attains an equilibrium when the concentration of any dissolved 
substance is the same in both. Such an a priori conclusion is entirely 
unjustified. We deal in this problem with the distribution of a dissolved 
substance between water and a colloid, and, as we know from the facts 
now available on this subject, equilibrium may be reached when the dis- 
solved substance is contained in less, the same, or a higher concentra- 
tion in the colloid than in the solution surrounding it. 

Now, while the absorptive membrane is trying to get into equilibrium 
with the solution to be absorbed on the one side, it is also trying to get 
into equilibrium with the blood on the other. The problem of the “se- 
lective” absorption of the dissolved substance is the problem of the 
agencies concerned in establishing an equilibrium between all the various 
dissolved substances in these three phases. As we pointed out above, the 
factors of greatest importance in such a problem are the character of 
the various colloids concerned and their physicochemical state, as deter- 
mined through the presence of acids, alkalies, salts, and various non-elee- 
trolytos; the nature of the dissolved substances to he absorbed and their 
rate of diffusion; the presence or absence of lipoids in the colloidal ab- 
sorbing membrane and in the blood, etc. In other words, the laws of 
adsorption, of partition, and of chemical combination are all at work. 
Therefore, to the process of simple diffusion in this matter of absorp- 
tion (or secretion) become added a number of secondary phenomena 
that, obscure its purity. But this does not make questionable the fun- 
damental importance of diffusion itself in the processes of both absorp- 
tion and secretion. 

To illustrate, let ns try to follow the relatively simple process of the 
absorption of a strong (so-called hypertonic) sodium chlorid solution 
introduced into the intestinal tract (or into the peritoneal cavity, or un- 
der the skin). Both the water and the salt immediately begin to diffuse 
into the absorbing membrane. As diffusion progresses, the concentration 
of the sodium chlorid in the absorbing membrane rises. This rise in 
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concentration so nflVcb tin* colloids uf tin* ab-orbimi metuhrai.. tliai they 
stop taking up water, nr, it it become- f-utheti nth Inch. :tu actual .-e> 
cretion of water into the gut or peritoneum «*r -uhetu am mu . n on- tv 
suits. While this is occurring, tin equilibrium i- temlim* to \» e-cuh 
li slieil between the sodium chh»rid in the .-Marion under-Miie ah *wpsiou 
and the salt, in the* absorbing membrane, but i-. mver attained nuder imr 
mal circumstances, beeau-e the salt in llie ab-orbintr membrane i at the 
same time trying to get into equilibrium with tin* -odium ebbuml in the 
blood. Now, since (In* blood i- circulating, it if evident tliat the * quiiih 
riuni is constantly being broken down toward the -ide of the ! »!< »»»*!. In 
consequence of this, more and more ,-all tuiH none mi r iut»» the blood 
(be absorbed). I>ut, as this goes on, the colloid- *d the ,»b **rbii»e mi’tii 
bran o again return to a more “normal” -tale, and -*• the ab ••rpliou of 
water, wliicli could not occur before, can again fake }dae« . 

With a dilute (a hypotonic) solution of '•odium eldorid, the water 
does not meet with ho great a resistance to uh-orpfi"!t, and i * i po ihb* 
for such a solution to become more and more eoueetifran d a the wafu* 
is (tho more rapidly of the two) ab-orbed from it. Kveti ab oluHoii- 
isotonic with the blood must be ale-orbed. We were m*\»r able to i\ 
plain this on our old osmotic conception-* of water aborpMon, became 
no osmotic differences exist in such a r;u-e to make the wa?»r imur, hut 
on the colloidal basis there is no difficulty in interpreting what happen-. 
Let the colloids of the absorbing membrane take a little wan r from tin* 
isotonic solution and salt must quickly follow, for now it- cone* nrruftoit 
is no longer in equilibrium with the .-odium chlorid in the ah orbing 
colloidal membrane. As the water passes over into the Mood more water 
goes into the, absorbing membrane, and then more -alt, un’it all i- ab 
sorbed. Or wo oau start the absorption by having a little ait e** in dr-t, 
and then the water, etc., for, if the truth L* told, we do not >*-t know 
just what characterizes tin* “isotonic” solution, m»r ball we until the 
colloidal constitution of living matter ha- been adeqmt** h taken inm 
account 

As a final word let it be added that, on the ha-i- of t !»•♦-»* colloidal 
conceptions of absorption, we experience no difficulty in under- food i teg 
why any solution remaining for longer period- in the inti -tine or in the 
peritoneal cavity may, while it, is being “ah-orbed,” have appear in it 
various substances found iii the blood or ti.— ties which if did not mug 
inally contain. As dissolved substances diiVuM* out of a -.Murimi un*b-r 
going absorption into the absorbing membrane until an « quilibrium i- 
establislicd, just so, of course, must the sutMlanee- contained in the ab- 
sorbing membrane tend to diffuse into the solution. 

The fact will, therefore, not surprise us that, when a uiknire of 
different dissolved substances is offered the intestinal mneou- membrane 
for absorption, these substances are not all ubsorlied at. the .-atm* rale or 
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in the same relative proportions. Neither are we surprised that the 
absorption is “selective.” We should he more surprised if it were not. 
The selective character of absorption depends upon the fact that the 
absorption of water and the absorption of dissolved substances are sep- 
arate processes. Of the dissolved substances each moves at its own rate 
and is influenced in its movement by factors that may not affect the others 
in the same way nor to the same degree. 

The mechanism of the secretion of dissolved substances is the mir- 
rored reflection of what has been said, and may be best outlined by dis- 
cussing the secretion of dissolved substances from such an organ as the 
kidney. 

What has been most difficult to explain in secretion has been its se- 
lective character ; in other words, the ability of the kidney to separate 
from the blood a liquid which has a totally different quantitative and 
qualitative composition. Qualitative differences are for the most part 
explainable through chemical changes that occur in the secretory cells 
themselves whereby substances are produced (such as mucin, for exam- 
ple) which do not appear in the blood at all. In other respects a secre- 
tion differs only in quantitative composition from the blood. This may 
go to the point of having entirely absent from a secretion certain con- 
stituents of the blood, as, for example, albumin from the normal urine. 
For the. most part, however, the secretion contains some substances in 
higlu'r, others in lower, concentration than tlio blood. To limit ourselves 
again to the urine, we need by way of illustration only recall that, under 
ordinary circumstances, the urine contains less clilorid than the blood, 
and more sulphates and urea. How are such differences to be explained? 

To begin with, it is well to call to mind that a secretion of dissolved 
substances is possible only so long as water is furnished the living organ- 
ism. A secretion of water is necessary before we can hope to have any 
secretion of dissolved substances. This is a physiological truth that is 
utilized daily by the intelligent physician when he orders the drinking 
of large amounts of water to aid the organism in ridding itself of any 
poison, as the toxin of an infectious disease, for example. How the 
secret inn of water by tin* kidney may be made a continuous affair we 
have learned from our previous discussion. Ilow it must make for a 
continuous secretion of dissolved substance is apparent from what follows. 

Lot us recall here our division of the urinary secretory system into 
its three parts: the blood, the secreting membrane, and the urine; and 
our brief characterization of the first as a liquid colloid in which various 
crystalloids are dissolved, of the second as a solid colloid also containing 
various crystalloids, and of the third ‘as a watery solution of various 
crystalloids (practically) free from colloids. Thus far our discussion 
has shown that under the conditions normally existing in the body no 
water can be introduced into tbe blood without getting the secretion of 
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an equal amount as urine (Oil). Ami what i< H«t*rojrd a* urim* i* water, 
and only secondarily do substances mine h> be di~~«ih cl in it, .»» shat it 
assumes a ehemieal composition which permiN if f*> 1**- chanted ri >, .| ;i „ 
urine. Lot us see now what muM happen if n«im* -nlubh* t>n- p nitln 
soluble 1 ) substance* is introduced into flu* blood. To r-iejph fy fin |»r« 
and not make our discussion unnecessarily' Iona', hr ft- think of t l»«- hlund 
as one homogeneous system, and the* urinary membrane a- utn'iher. Ln 
del* such circumsteme*e*s one* of three pos-ibilitie- preM-nu iro-lf fr.»m a 
physicochemical standpoint. Tin* dissolved sub-tnnee tiuv di .tribute 
itself uniformly throughout the ldood and the urinary membrane, nr it 
may he*, present in either a greater or a les> eoticetit ration in tin* urinary 
membrane than in tlie blood, dust what will happen b* depend* m upon 
the nature of the* dissolved substance and the* physical and chemical e«>m 
position of the blood and the urinary membrane at the time. Of gnu 1 
ost importance are such facts as the* presence and alienee of lip.*id t the 
character of the colloids concerned, and the Male of tie i,. id u . 
determined by the presenee* of acids, alkalies, salt*., t . r \ariou< u«-ndcc 
trolytes. Cn other words, tin* laws of partition and tin* law - of ad «u*p 
tiou again come into play. These difference in the distribution „f 
dissolved substance between the blood and the urinary iiicii.bram are 
rendered strikingly apparent when dyes are u-ed a- tit** di ..,!\,d nb 


stances. 

lint this distribution of a dissolved substance between the blood ,j n d 
the urinary membrane represents in the end only a shtf 'ir affair, and the 
secretion of dissolved suhslanees iu urine is a thnmwir one. It require 
no special comment, to see now why only through the ('Minimum- -.ere 
tion of water from the kidney can a continuous separation of di - oUrd 
substance from the* urinary membrane (secretion) be rendered p,. ibh* 
The presence of water in Bowman's capsule and in ibe itnnifenms 
tubules introduces the third phase into our .secretory sy,,e m and e„u?m 
uously breaks down the equilibrium that is trying n* become e„?ub, ! i bed 
between the dissolved substance in the blood mid tin* dL-dved Mib-fance 
in the urinary membrane. 

The attempt to establish an equilibrium between th,- ,{{ .„i,, 

stances in the urinary membrane ami (be dissolved M ib-| im i„ th. urine 

(originally only water) as it passes down the nriniiV,,.,,- « u 1..«h-. - 

for a diffusion of dissolved sulislanees out of the , lr j II!lrv n.oml.rane. 
Consequently as long as water is being seereted bv il„. Iddo.o this mis' 

tend to destroy the equilibrium wliieh is Irving' to .meV-tahli-hcd 

between Hie dissolved substances in the blood !m d Ibe di-olved -ub-t mo- 
m the urinary membrane. J f we recall (he physicochemical fac, ihi.i, when 
any dissolved substance is offered sinmllanennsly a liquid colloid, „ -did 
colkid, and water (as is the ease in .be kidney), an unequal disirihmbm 
of the dissolved substance among the three phases is the rule, then we 
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shall have no difficulty in understanding why a difference in quantitative 
composition between the blood, kidney tissue, and urine, so far as dis- 
solved substances are concerned, is also the rule. Therefore, a “selective” 
secretion is to be expected rather than to be wondered at. 

Further than this we cannot pursue this subject at present. But in 
passing I should like to point out that the fruits of colloid chemistry 
help us to understand even the most radical differences that exist between 
secretions and their source. None is perhaps more striking than the 
strongly acid reaction of the urine or the gastric juice against the prac- 
tically neutral reaction of its source, the blood. But even these can be 
accounted for through the selective absorption by the colloids of the uri- 
nary membrane of the sodium dihydrogen phosphate, and by the colloids 
of the gastric mucosa of the hydrochloric acid of the blood. Such a con- 
centration of an acid by colloids from very dilute solutions of acid salts 
or acids has been proved directly (61). 

What we have said concerning the absorption of dissolved substances 
in the intestinal tract and the secretion of dissolved substances by the 
kidney, may he applied with small variation to any other absorptive or 
secretory system that wc find existing in the body. It may he applied 
also to any of the processes of absorption and secretion as these involve 
any cell, group of cells, or organ outside of those included in any special 
discussion of absorption and secretion. When we deal with such an 
organ as the brain, the spleen, or the adrenal, the system involved is 
really somewhat simpler than in the case of the intestine or the kidney. 
The individual cells of these organs are more like the ameba in its pond 
water — they are more nearly surrounded on all sides by the same fluid 
medium, and from lliis medium (the blood or blood plasma which we 
call lymph) they absorb tlie substances necessary for tlicir existence or 
harmful to it, ami, similarly, they give off to this medium their normal 
metabolic products or the substances which as toxic bodies may have got- 
ten into them. The whole problem, therefore, becomes in the main a 
distribution of dissolved substances between (roughly) two media, on the 
one hand the cells and their intercellular substances, on the other the 
blood (or lymph). 

Tin* various normal and abnormal dissolved substances come to all 
the cells in the body through the same blood stream. The cells endeavor 
to get into equilibrium with each one of these substances. But, as the 
individual cells of the body differ from each other in chemical composi- 
tion, or as the same coll is in a different physicochemical state at differ- 
ent times and under different conditions, so will the different cells, or 
the same cell at different times, behave entirely differently toward the 
same dissolved substance or substances as those arc brought to them in 
the blood ( (55 ). It is for this reason that, not only the rate at which 
any dissolved substance is taken up will be different for different cells 
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or the same cell under different conditions, lmt the ah-olute uiunimi> 
taken up will also vary. 

Prom this we may understand why, although one blood ha live" all live 
body tissues, one* tissue is high in potassium while another i- b»\\, uud 
while one takes up lmicli calcium another refu.-e- it almost entirely. It 
is for this reason that the spinal cord takes up relatively more strychnin 
than any other tissue in tin* body, that anesthetic* go into tin* central 
nervous system, that tetanus toxin picks out chictly tin* peripheral nerve-, 
that when any "‘vital" stain is introduced into the body only certain ti-> 
sues are deeply stained, that when salvursuu is given inf ravetiou-iv it i- 
taken lip ehietly by the (cells of (In*) spirochetes, and to their destrue 
tion. A specific, poison, like a sjtecitie cure, becomes known t<» u- when 
ever we discover some substance which, when ottered tin* healthy or di- 
eased human body, distributes itself in such a wav between the various 
(colloidal) phases that make up the human body as to appear in a io\ie 
concentration in the cell or organ under consideration before it doe- thi- 
in any other or all the other cells or organ- of the body. 

It is well here to emphasize again the fuel that intoxication at all 
times depends upon the 1 * ctmrvntmliim of the toxic .-uh-taiice pre-etit, and 
not upon the absolute amount given. The whole principle of detoxication 
depends upon the recognition ami u.-e of this fact. We can ea-ily illu-- 
trate what wo mean when we discuss the intoxication that gm— with any 
acute infection. Here wo have an organism producing a poi-ott at a 
fairly uniform rate. Where we do not pos-e-s a speeitie therapy much 
of the art and science of treatment consists in keeping tin* concentration 
of this toxic substance as low as possible. IIovv do we manage t hi - f 
When we cannot inthienoe (la* factor of toxin production, we have only 
one way at our disposal, and that is to keep the enuecu! rat ton of the 
toxins as low as possible. To do this we can do but one thing, namely, 
give water. 

As wo noted above, the giving of water makes for a secretion of water, 
and this secretion of water is necessary before we can get a -tvrciioii 
(washing out, f>2) of any toxic substance. Hv washing live t«»\ie .j»b 
stances out of the kidne t v cells, for example, we break down the eipiilih 
rium existing between the toxic, substance here and that in Ihe blood. So 
more toxic substance will move from tin* blood over into the kidney to 
be eliminated if Iht * third phtutt* in rtraird hp tjirlnp irtifrr. Hut when 
the toxic concentration in Ihe blood falls, the toxins from the coil- wilt 
move over into the blood, and the lower wo can keep the toxic concentra 
tion in the cells the lens the intoxication and consequent pathological 
effect upon them. i\ow wo also see tin* sense of giving water not only 
in a haphazard way as the patient may desire it, hut in specified do-es 
at regular intervals day and iwjhL Otherwise during the period- of 
water abstention tlie toxin concentration will run up. What happen- is 
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illustrated by the variation in tlie concentration of the normal constitu- 
ents eliminated in the urine in any twenty-four hours. Since we are 
accustomed to consume most water with our meals, the urine after our 
meals is pale and low in urinary constituents. It is deep-colored and 
highly concentrated on rising in the morning, for through the night we 
do not, consume any water. 


OSMOSIS AND THE QUESTION OF CELLULAR “MEMBRANES” 

In our analysis in physicochemical terms of certain phenomena famil- 
iar to every worker in the art and practice of medicine, we have almost 
ignored the much-discussed question of osmotic pressure. We have not 
done this unthinkingly, but because we feel that all those phenomena 
which are usually discussed under the heading of the osmotic phenomena 
of colls can more easily and more satisfactorily he explained on the 
basis of the colloidal constitution of living matter; and because we feel 
that the groat mass of facts which has stood against tlie general appli- 
cability of the laws of osmotic prefigure to cells can also be better ex- 
plained on the colloidal basis. We see no reason, therefore, for calling 
upon a complicated osmotic system for further help ( 06 ). But this 
point of view is not yet generally accepted in the biological sciences, and 
so wo wish to summarize briefly some of the experimental and theoretical 
evidence usually adduced in favor of the osmotic conceptions of the ab- 
sorption of water and dissolved substances in the body, examine it criti- 
cally, and then briefly indicate how this may he used to better advantage 
ill support of our colloidal conceptions of absorption. 

The widely divergent and contradictory “osmotic” conceptions of ab- 
sorption and secretion as upheld by different workers at the present time 
had their beginning in the original osmotic investigations of DeVries and 
Pfeifer. In order to account, for the “turgor” (that is, water content) of 
plant cells, these authors held that the individual cells were surrounded 
by “osmotic” ‘•membranes” of such a character that, while they allowed 
water to pass through them, they did not permit substances dissolved in 
this water to pass through. On this basis they explained tlie observation 
that plant cells swell up in water low in dissolved substances, and shrink 
in more concentrated solutions, by saying that in tlie former case water 
is sucked into the cell, while in the latter it is sucked out. The move- 
ment. of water into and out of the cell occurs until the (osmotic) con- 
centration of dissolved substance is the same on both sides of the mem- 
brane postulated to exist about the cells. But, in order to permit the 
water to move, this membrane must he impermeable to dissolved sub- 
stances (otherwise, of course, the dissolved substances would simply move 
from a region of higher concentration to one of lower concentration, and 
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so osmotic diffurencoH could not couu* to juice, and coit~cijut‘Utl\ ilu-rc 
would be uo movement of water). 

From these observations and theoretical views sprang tin* inhTe-t 
of the physical chemists in the whole problem of o*iuo*i* and -o \\r -re 
constructed the various ‘‘osmotic* cells" that may he M*en in ;in\ phy-ioo 
chemical laboratory. J > fefTer was again pioneer here, lie conceived the 
idea of supporting the “precipitation membranes" that M»*rit/. I ran he 
had described before him in tin* walls of a porou,* { »« »t , in order t*» give 
them enough strength to withstand considerable prepare. Htteb "preoipi 
tation membranes” may be ]>rodtieed by the n-c of many diflereut -mb 
stances, hut the best and commonest one* is made by allowing the -"lotion 
of a copper salt and the* solulhm of a ferruoyanide to move into tin* wall 
of a porous pot, from opposite sides. They meet in the* wait of the pot 
and a precipitate of copper ferrocyunide is deposited hen*. The cupper 
solution may now be washed out. of tin* pot and the ferrocyunide rinsed 
off the outside. In the wall of tin* pot remains a “precipitation incut 
brane” of copper ferrocyauide. This membrane allows water to pa-s 
through it easily, hut it will not allow substanees dissolved in ihi- water 
to get through. Tin* membrane is “semiprrmeable,” ami therefore is 
identical in this property with the “osmotic” membrane that Pfeifer 
maintained surrounded the living cell. If the laboratory cell is tilled 
with a solution of any kin 1, and is then placed in water, water P .ueKod 
into the cell; if it is placed instead in a more concentrated solution, water 
is sucked out of the* cell. As is readily apparent, this curre-pinnl* to 
what Pfeifer and DeVries observed in (he ease of the living cell. 

Pfeifer made* many osmotic mea>im*uu*iils with his laboratory cell, 
and, on the basis of bis obser vat ions, van’t Iloif some veur» later forum 
lated his famous laws, which arc as follows: 

(1) At constant temperature ’the osmotic procure of dilute solutions 
is proportional to the concentration of the dissolved particle*. 

(2) At the same temperature etpml volumes of all dilute .solutions 
having the same osmotic pressure contain tin* same number of db-nhed 
particles. 

(3) At constant volume the osmotic pressure of any .-ojutiou varh* 
directly as the absolute temperature. 

The work and conclusions of van’t II off and the phy-ieul elumi-t* 
now became retroactive, and the attempt was made to apply the law* of 
van’t Hoff not only to the biological facts that DeVries and PtVtfer had 
furnished, hut to the additional ones contributed hv Uamhuracr. (iryu-« 
Koeppc, Pool), Holier, Overton, Webster, etc. To this end tin* ob-erva 
tions made on plant and animal eells were compared with tho-e made 
with the laboratory osmotic cell. When a solution of any electrolyte 
or non-electrolyte was found not to change the volume of lbpiid in an 
osmotic cell, it was said to be “isosmotic” with the cell contents. Ivjually 
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concentrated solutions of all kinds were found to be isosmotic with the 
contents of the osmotic cell. These were, therefore, isosmotic with each 
other. When a solution, of any kind was found not to change the volume 
of any living cell it was said to be ‘‘isotonic” with the contents of this 
cell. In this way the solutions of many different substances were com- 
pared and the “'isotonic coefficients” determined in each case. If the 
laws of osmotic pressure were active in living protoplasm, it was there- 
fore to be expected that, if certain solutions were “isotonic” with each 
other, they should also be “isosmotic” with each other. 

When the first, rough comparisons were made it was in fact thought 
that the isotonic solutions were isosmotic, but this conclusion could not 
stand the pressure of more careful and more numerous observations. 
To-day we may safely say that ive do not Tcnow a single cell for which 
the laws of osmotic ‘pressure are valid. 

We not'd not go into details to prove this. If cells obeyed the laws of 
osmotic pressure, then they ought always to have the same volume in 
isosmotic solutions of different substances. Exceptions to this conclusion 
are the rule. Again, with every increase in the concentration of the 
medium surrounding a cell wo should get a proportional decrease in the 
volume of the cell. As a matter of fact, the shrinkage is always less than 
anticipated (Kooppe, Durig). While electrolytes and non-electrolytes 
are in our laboratory osmotic cells equally active when the same number 
of dissolved particles are present in the unit volume, this is not the case 
in living cells. Generally speaking, the electrolytes are active out of all 
proportion to the non-electrolytes when living cells are concerned. ITow 
all these facts are readily explained on the colloidal basis has been pointed 
out above. 

To have the laws of osmotic pressure tenable for living cells we must 
have* scmipermeable membranes about them. Only as this is the case can 
changes in osmotic pressure become available for the movement of water 
into and out of cells. If, for the sake of argument, wo grant this conclu- 
tion, then no dissolved substances can get into or out of the cell. Such 
a conception of the cell is impossible, for, under such circumstances, 
how could a cell get its necessary food, or how could it rid itself of its 
various metabolic products? To get around this difficulty various ob- 
servers have made these osmotic membranes permeable to some or many 
dissolved substances. But the moment we grant this we can no longer 
maintain differences in osmotic pressure, and so water can no longer be 
absorbed. The adherents to the view that “osmotic” membranes exist 
about cells can take their choice either they can utilize their conception 
in order to make water move, or they can have these membranes perme- 
able and so have dissolved substances move — hut they cannot have both. 

An enormous literature has sprung up about this question of “mem- 
branes" surrounding cells (24). Erom the original osmotic membranes 
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of Pfeifer which were soniiperineable, we have come 1«> tho-e which are 
partially permeable, and then to (hose which an* permeable sometime^ 
and then again not. Put even these complicated nolions encounter trouble, 
for there is so little connection between tin* kind of substance- that enter 
1 cells and those that do not. Only the members of one group that which 
has a ready solubility in tin* fats — have been recognized as Inning one 
property in common, and to account for their ready entrance into cell- the 
osmotic membrane about cells has been endowed with lipoidnl character 
istics. The unfortunate part about this theory, which U in e>-enec that 
of E. Overton, is that, while it renders easier our concept ion of the ah 
sorption of these lipoid-soluble substances, it makes it impn— ible to get 
the ordinary salts and water into cells, for these are not particularly 
soluble in the lipoids. And yet we know from physiological and patho- 
logical facts that both must lie able to get into cells. 

Moreover, what do we gain when we have succeeded in getting -mue 
dissolved substance or water through any membrane postulated to exi-t 
about a cell? Tfc would collect here and we should still have to account 
for the movement of either the dissolved substance or the water into or 
through the rest of the cell protoplasm. There arc tin membranes ohmif 
cells, neither of the lipoid type (ihirig, US; Pauli, t»T ; Ki-udier, titl \ , tint* 
of the '‘osmotic” type (Fiselier, (hi). All the phenomena which offer **«» 
much difficulty in explanation wlieu we assume that membrane- ext-t 
about cells are readily interpreted, without recourse to such postulates, on 
the basis of the colloidal constitution of protoplasm as we indicated above. 

In answer to these arguments some of our critics have retorted that 
a ‘‘membrane’ 1 exists wherever two phases conic in contact with each 
other. At this point we have to stop and begin to define term-, for here 
the arguments begin to become academic. A drop of any fluid, a drop 
of any colloidal solution, a drop of protoplasm or a cell, ha- a "mem- 
brane about it, blit this “membrane is simply a surface irtt-mu film ; 
it has nothing in common with the "osinolie membrane-” that ur>* in 
turn talked about, by the botanists, the physical chemists, and the original 
animal physiologists who worked in this held. These surface tension 
films are chemically hlenlind with the res/ of /he re// juudop/nsm. and 
(except as colloidal particles feud to collect in these surface Him- and 
raise the concentration of these particles here) as such behave {meant 
wa/cr or dissolved substances exactly as does the rest of the ret I endo- 
plasm. ' 1 

AVe encounter differences in the absorption of wafer and of di— dv**d 
substances in the living animal as we pass from one { colloidal) phase to 
another. Such different phases may he represented by difTcreul organs, 
different tissues, different cells or intercellular substances, different parts 
of the same cells. If such phase differences an* ultimately >!m\vn to exist 
at the surface of cells, they will assume an importance in this problem 
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of absorption and secretion. Rut this importance will be neither greater 
nor .different in this problem, because the phase difference occurs at the 
surface of the cell than if it had occurred anywhere else in that colloidal 
complex that we call living matter. 
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ORGAN OT 1 1 HR A I > K l?T ICS 
limn Hunt 

INTRODUCTION 

Definition. —Tlio term organot hern pen I irs, a*’ employed af pre-cut. eui 
not ho very definitely defined. As originally used, it re i erred to tin* *iip 
planting, or tlio supplementing, of tin* functions of an organ l»v tin* admits 
istrntion of t lie 1 same organ of other animals thing for dis-ea-e** .if the lung, 
etc.). The term is now limited to the ease-, in which the organ- m «pie- 
tion are believed to form a specific internal secretion. I’v thi- limitation 
the Us© of extracts of organs producing external secretion-* \va- eliminate, 
so far as they wen* employed for the utilisation of tin* hitter tile fei 
ments of the mucous liiemhraiie of the stomach, for example). The term 
is not ordinarily meant to include the supplanting of a deficient organ 
by transplantation, although here the distinction is often not -harp. In 
many cases the transplanted organs do not grow, hut are ah-orbed. pro- 
ducing in the course of their absorption the same effect.** as are pm litetd 
by tlio subcutaneous or intru peritoneal injection-* of the gland . 

As knowledge lias advaneed the term lias been made to co\er mort* 
in some, and less in other, directions. With the isolation of ‘\ieti\e priu 
ciples” from organs (epineplirin from the suprarenal-., for example i. the 
use of the latter in some conditions no longer differs from tin* u-e of 
ordinary drugs; thus the conception of orgaiiotlierapentics i- narrowed. 
On the other hand, it is being recognized that some of the effect*, of well 
known drugs are due to specific actions upon organs of internal -cere* 
tiona. Some of the effects of iodin, for example, are due to the fact that 
it increases the amount or potency of the internal secretion «»f the ihvmid 
(Hunt, 100). There is evidence that certain foods aim increase the 
activity of some organs of internal secret ion (Hunt, lull. In prin- 
ciple it makes little difference whether the internal secretion K introduced 
from without or formed within the body. In this seiwe the conception 
of the term may be enlarged. 

ITor present purposes organo therapeutics may he defined as the utili- 

eo 
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zation for therapeutic purposes of internal secretions, or hormones, in 
cases where these are deficient. 

Limitations of Organotlierapeutics. — Organo therapeutics is one of the 
oldest and most widespread forms of therapeutics. After many centuries 
of empiricism, during which not a single result of value was obtained, it 
almost disappeared, except in popular and sectarian medicine. It was 
revived by llrown-Sequard in 1889. Its recent development, especially 
on the part of manufacturers, has been not unlike that of ancient times.* 
Physicians, however, have for the most part limited their attention to 
organs which are believed to produce internal secretions; in this way 
modem organotlierapeutics rests upon a new basis. The older organo- 
therapeutics was based on the belief that it was possible to influence cer- 
tain diseased organs by the administration of healthy organs; modern 
organotlierapeutics is concerned, primarily, not with the condition of the 
organ diseased, but with the activities of other organs which are impaired 
by tlie absence or diminution of an internal secretion. Thus thyroid is 
not given primarily for its effect upon the thyroid gland, but for its effect 
upon various other organs whose activities are in part dependent upon 
the internal secretion of the thyroid. 

Recent experimental and clinical work in this field has accordingly 
been directed to two chief aims: the demonstration that various organs 
produce internal secretions, and attempts to determine the conditions 
under which these may he utilized for therapeutic purposes. 

Great progress has been made in the former attempt; it has been 
shown that many organs produce internal secretions essential to life or to 
the proper fulfillment of certain functions. 

ilueh less progress has been made in the utilization of these internal 
secretions, and we are only beginning to be able to explain the cause of 
some of the failures. 

Homo of the general principles underlying success in organothera- 
peutics are being recognized. Tims, it is self-evident that, however im- 
portant (lie internal secretion of an organ may be, no results can be ex- 
pected from tlu* administration of this organ unless it has the property 
of retaining or storing some of its secretion; attempts have been made 
for years to use organs for therapeutic purposes, which recent investiga- 
tions seem to show have not this property. Hence, it is very important 
to determine to what extent the internal secretions are stored in the 
organs producing them, and how much is necessary to maintain health. 
This is possible, in a general way, in the case of a few organs. Thus, 
from studies on the amount of thyroid which it is necessary to administer 

* Two hundred and sixty-seven glandular products were recently found listed in. 
trade journals. The lists included brain, spinal cord, liver, kidney, etc., and did not 
differ greatly from the lists of a century or two ago; the chief difference is that the 
“indications’ ’ are expressed in more modern but none the less obscure phraseology. 
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to animals or man suffering from removal or di-eu-e ot tin' thyroid to 
maintain health, it is possible to tonu an approximate e-ttmatc ot how 
much thyroid secretion is necessary, ami irom tin* weight of the gland 
how much of the material is stored in it. Such calculation- -lmu that 
tlio thyroid contains sufficient seert»tion to meet the demand- »»1 tlu* hodv 
for several weeks. From a determination of the amount of efduophrin 
(one of the internal secretions of tin* suprarenal**) contained in the ldoud 
of the suprarenal vein, and from the rate* ot blood tlow through the supra- 
renal glands, it is possible to make a rough estimate ot the aim mut «d 
epinephrin produced (and presumably needed) daily; when this amount 
is compared with that actually found on chemical analyses in the -upra- 
renal glands, it is found that tin* latter is not Miltieieul to meet the need" 
of the body for more than a few hours. Since some of the internal m* 
cretion is almost inevitably lost in the manipulations neec—ary to prepare 
the gland for administration, it is evident that the renditions in the ease 
of the thyroid are far more favorable for sucres** than in the eu-i- **t the 
suprarenals. (Other reasons for expecting far more success from thyroid 
than from epinephrin will he discussed later.) 

Although there is little doubt that the pancreas forms an internal -e 
cretion essential to life, all attempts to demonstrate it- presence in tin* 
glaml have failed. The secretion seems to pa— inlo the hlo.nl a- rapidly 
as it is formed, or, if some of it is retained in the glaml. it -emu- to he 
in a condition not suitable for therapeutic purposes. 

In addition to knowing hmv much of the secretion i- -toped in the 
gland, it is important; to know how urgent is the body's need h«r the ,*e 
cretion, and how long the lat tea* remains in the body. Light on the-e 
questions has been obtained by determining how soon symptom- appear 
after the removal of the glands. Taking two extremes it ha- been found 
that symptoms may not appear for weeks* after removal of the tin mid, 
whereas they appear within two or three hours after removal of the pan 
creas. It is evident that, the ehauees for successful treatment are much 
more favorable in the former ease. 

Another important consideration is the character of the internal se 
cretion, its resistance to the* manipulation necessary to prepare it for ad- 
ministration, the effect of digestive juices upon it, it!- ah-orhuhilit y , etc. 
Here, again, there are marked differences. The active principle ..f the 
thyroid, or rather a product derived from the thyroid and having it- 
physiological properties, resists the* action of strong chemical agent- and 
of the digestive juices, and it is readily absorbed from tin* g.ntrointe-’imtl 
canal. Epinephrin, on the oilier hand, is a comparatively mutable Indy 
which is absorbed from the gastrointestinal tract, in effective amount*, 
very slowly. 

Another suggestion offered in explanation of the failure .»f attempt** 
to use some of the organs for therapeutic purposes L that the internal 
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secretion is not always produced in an active form — that it may be pro- 
duced in a form analogous to a zymogen, for example, which requires 
“activation” by some other organ; or it may be impossible, practically, 
to administer the internal secretion so that it will reach essential organs 
in efficient concentration. Recent work by Hedon (88) on the internal 
secretion of the pancreas is suggestive in this connection: Hedon found 
that, when the blood from a pancreatic vein was introduced into the por- 
tal circulation of a diabetic animal, there was a diminution of the glyco- 
suria; it had no effect when introduced into the general circulation. 
Thus, it seems necessary, for some reason, for the internal secretion of 
the pancreas to reach the liver in order that it may be active. 

The above illustrations show some of the ways in which experimental 
work is elucidating the problems of organotherapeutics. There are so 
many unknown factors, however, that actual clinical trials are, and must 
remain, the final test for the value of this form of treatment in any 
specific case; but, when favorable clinical reports are made in cases, as 
with the pancreas, where there are so many experimental reasons for 
doubting the efficacy of present methods, it is incumbent upon those mak- 
ing such reports to carefully exclude all other factors. 

Skepticism as to reports of success in organotherapeutics is thoroughly 
justified; for it must he recognized that under the most favorable condi- 
tion the normal processes can only be most imperfectly imitated. In 
the normal animal the secretion is under the control of delicate mechan- 
isms (frequently of the nervous system), by which it is supplied at the 
proper lime and in the proper amounts; such a regulation is impossible 
when the internal secretions are administered medicinally. 

Classification. — At present the only practical method of classifying 
organothcrapeutic products is by the organs from which they are derived. 
Such a classification, however, is already too narrow, and, with the fur- 
ther growth of knowledge, will probably have to he abandoned altogether. 
One or two illustrations will suffice: Among the symptoms of suprarenal 
insufficiency are low blood pressure and an enfeebled heart, due to the 
diminution of one of the internal secretions which normally maintain 
cardiovascular tone. This insufficiency may be met by the administra- 
tion of suprarenal extract. But the latter is equally effective in condi- 
tions of liypotonits occurring entirely independently of the suprarenal 
glands. The same is true of an entire system, viz., all the organs in- 
nervated by the sympathetic nervous system. This particular secretion 
of the suprarenal (epinephrin) may be classed as a “sympathomimetic” 
(Barger and Dale, 12) drug; i. e., a drug the action of which is similar 
to that of sympathetic nerves. It belongs to a class including many other 
(mostly new) drugs. Thus, it passes from the present classification al- 
together. As knowledge advances, this will probably he the case with 
most of the substances now treated under the head of organotherapeutics 
7 a 
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THYROID 

The employment of tlu* thyroid in medicine is a typical ea-c ut sub 
stitution therapy, for the functions oi the gland may, in iavorable ea 
practically he replaced hy flu* administration ot the aland. No well es- 
tablished is this principle that physicians do not hesitate to >1 tajuriio^i* 
conditions of the thyroid from the effects of the administration « * i tin* 
gland. 

The administration of the thyroid in orgauotherapeuties is ha^ed 
partly upon clinical and partly upon experimental work. The latter 
preceded the former,* but from almost tin* beginning the two methods 
have been closely combined, each reacting upon tin* other. The gland 
was not employed in medicine until a rational basis for its u-e had been 
established; empiricism had no part in its introduction. 

The basis for its use will Ik* made most clear by a brief review of 
the development of the knowledge of the physiology of the gland. 

Functions ok tub Thyuoii> 

It is not necessary to refer to the various views us to the function 
of the thyroid bold previous to the years lSSi-Sti, fur the-e year- mark 
a most important epoch in llie subject. It was then that J. 1*. and A. 
Reverdiu and Ivoeher (112) published tlu* results of their observation** 
upon patients from whom the thyroid had been removed, and which gave 
the first real insight, into the importance of the gland. SeliilT had in 
1859 published a brief statement upon the effects of removal of the 
“thyroid” in dogs, but. it bad not received much attention, and it i now 
recognized that the symptoms described by this Investigator wen* htryelv 
due to the removal of tin* parathyroids, winch are now geueralh regarded 
as glands with functions quite different, from limn* of the thyroid, h 
had also been recognized that the thyroid presents anomalies in eretini m, 
and a connection had been suggested between the thyroid and myxedema. 
Koclier designated the condition of the patients from whom ihe thvrotd 
had been removed as cavhv.rht xtrumipriva* 

These clinical observations led to extensive series of experiment*- on 
animals hy Sell iff, Horsley, and many others, The-e M*m miminl all 
doubt as to the cause of the symptoms described by K ocher and tin* 
Reverdins. Within a few years following the publication** of th«* bitter, 
it was recognized that the underlying cause of cachexia Mnmupm a t or 
thyreopriva), sporadic and endemic cretinism, ami of myxedema \v.n 
the same in all, namely, the deficiency or uWitec of the thyroid. The 

* Tlio first attempts to combat thyroid deficiency wore the transplantation evperi 
meats in dogs by ScliiiT ; these wore the direct stimuli to similar experiments in man. 
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characteristics of the symptoms are largely dependent upon the age of 
the animal or patient at which the thyroid is removed or becomes in- 
efficient. The results of the extirpation experiments have been much 
confused by the fact that some of the parathyroids were frequently re- 
moved with the thyroid. The differences in the effects of thyroidectomy 
in different species of animals are due, at least in part, to the fact that 
the anatomical relations are such that the parathyroids are more likely 
to he removed in operations on some animals than on others, and also 
to the presence, in varying numbers and locations, of accessory thyroids 
which may at least partially take tip the function of the thyroid. 

The careful study of the effects of the removal of the thyroids, es- 
pecially of their removal from young animals or from young patients, 
and of the above-mentioned pathological conditions, has thrown much light 
on the function of the gland ; and the knowledge thus obtained, combined 
with that obtained by administering the gland, in various ways, to patients 
and animals, serves as the basis for the use of the thyroid in therapeutics. 
A brief summary of tlie facts thus learned will he given. 

Relation of Thyroid to Growth and Development. — The most marked 
effect of tlic removal of the thyroid in young animals, and of its atrophy 
or injury in children, is a cessation of growth and development, both 
physical and mental. The changes in the skeleton are especially marked ;* 
there is a cessation or retardation of the normal ossification of the car- 
tilages. The epiphyseal ends of the long bones grow slowly, while the 
periosteal ossification may he normal or in excess. The extremities are 
relatively short and thick; the pelvis is small, which is partly respon- 
sible for the protruding abdomen. Abnormalities in tlie growth of bone 
are largely responsible for the characteristic shape of the skull and thorax 
in cretins. 

If the thyroid deficiency does not occur until rather late in child- 
hood, the above changes may he absent, and the hypothyroidism be evi- 
dent only in a cessation of normal growth. 

The luiir on the pubes and in the axillae is scanty or absent, and the 
sexual organs are poorly developed; while puberty, if it occurs at all, is 
late. The skin is often myxedematous. Metabolism is much depressed 
(v. JBergmami, 211) ; the oxygen absorption may be but one-half that of 
the normal. 

It is difficult, however, to distinguish between primary and secondary 
effects of injuries to the thyroid. The latter cause marked changes in 
nutrition and metabolism, and these may be the immediate cause of 
some of the abnormalities now ascribed to the direct influence of the 
thyroid. 

The effects of thyroid insufficiency upon mental development are no 

* See, for example, Flinker (59); the opposite changes are found in conditions of 
hyperthyroidism in young individuals (Holmgren, 93). 
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less striking than are those* upon physical development ; the patients are 
apathetic, the expression is stupid, uiul idiocy frequent. 

Thyroid Deficiency in Adults. - Thyroid deiieiency in adult* L < t . t *n 
most typically in myxedema, which is eluirueterized by physical and men 
tal inertia, and by changes in the skin, depressed metabolism, He. The 
skin is white and thickened, due 1o the growth of granule! ion-like tissue 
and an infiltration with a substance resembling mucin; the secretions are 
scanty or absent, and the skin becomes dry and rough, and the hair falls 
out. There are frequently abnormal sensations of taHe, smell, and 
hearing. 

The temperature is subnormal, and the pulse slow and weak. There* 
are diminished oxygon absorption and carbon dioxid secretion; there is a 
tendency to obesity, although the patients usually cal little. The metah 
olism is depressed to a greater degree than in any ether known condition, 
Andcrsson (0) reports a ease of a woman whose metabolism wa* a* low 
as 1,2G0 calories, or 18. S calories per kilogram. After treatment for nine 
months with thyroid extracts, the heat production rose to calories, 

or 32.3 per kilogram, which are normal values. 

Nitrogen metabolism is also lowered; the daily excretion of urea 
is often less than 20 grains. 

Lusk (132) states that, it is possible* to explain tin* reduced tempera 
ture as duo to disturbances in the* nervous ineeiumLm of temperature n*g 
ulation, and that, the lowered temperature may he an iuihtenee in reducing 
the metabolism of the cells. The coagulation time of tin* blood b stated 
to be shortened (Lidskoy, 123). 

Thyroid Deficiency in Animals.— Tlte ciTeet of thyroidectomy in ani- 
iwils is variable; much depends on the age. Monkeys may show a eon 
ditiou very analogous to myxedema in human beings. Many adult ani 
mals show little change after removal of the thyroid, although ockuim, 
conjunctivitis, rhinitis, and other indications ol catarrh of the respiratory 
passages; and especially emaciation and diminution in the number of 
the red and increase in the number of the white corpuscles are common. 
Metabolism is depressed, carbohydrate tolerance is increased. Marked 
changes are found in the hypophysis (Rogowitsch, Herring). 

Effect of the Administration of Thyroid,— The most marked effect** of 
the administration of thyroid arc seen in eases in which the thy mid is 
absent or deficient, and it is upon the results in such cases that, the thera- 
peutic use of thyroid is largely bast'd. 

Administered to eases of sporadic cretinism and infantile mvxedemu, 
there is at first a loss of weight, then the skin approaches the normal. 
Cyanosis disappears, and the blood becomes normal. Growth, both bodily 
and mental, recommences, and may hike an almost normal course. The 
hair grows rapidly and becomes glossy; tin* teeth and nails also grow. 
The mental* improvement is most marked in children under ten. 
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Similar results are obtained in cretinoid animals (Pick and Pinelea, 
171). 

From these results it is concluded that the uiyroid produces an in- 
ternal secretion necessary to normal growth. Many attempts have been 
made lo stimulate growth in conditions other than cretinism by its ad- 
ministration. Thus, it has been extensively tried in idiots and backward 
children. It. has been administered in cases of delayed union of fractures 
oil the theory that it would hasten union. 

Administered to cases of myxedema or cachexia thyreopriva, the 
myxedematous condition largely disappears. There is a marked increase 
in both nitrogen and gas metabolism. The excretion of nitrogen in the 
urine may he increased 100-200 per cent. This increase results largely 
from the increased intake due to improved appetite, but there is usually 
a true loss of nitrogen. There are no striking changes in the partition 
of the nitrogen in the urine. The consumption of oxygen may be in- 
creased 70 per cent. The temperature rises, the pulse rate is increased. 
There is usually a striking loss of weight due to the disappearance of 
the myxedematous infiltration and loss of fat. The entire metabolism is 
brought, hack to the normal level, or raised slightly above the normal. 
These changes occur in three to four weeks with the usual doses. 

The skin approaches the normal; sweating, which is usually entirely 
absent in myxedema, becomes possible. The hair grows again. Men- 
struation reappears. The bowels become regular. The mental condition 
is much improved. 

The marked changes in the skin in cases of myxedema produced by 
the administration of thyroid has led to the extensive trial of this sub- 
stance in other abnormal conditions of the skin. 

Effects upon metabolism similar to, hut much less marked and less 
constantly obtained than, the above are produced when thyroid is ad- 
ministered to normal individuals and to normal animals. The absorp- 
tion of oxygen and the excretion of carbon dioxid may be increased 10 to 
20 per cent., although in some cases there is no increase. The excretion 
of urinary nitrogen may be increased 20 to 50 per cent. ; usually it is 
less, much depending on the character of the diet. The change in nitro- 
gen metabolism usually occurs first; that in total metabolism occurs 
later (in the course of two to three weeks). Increased destruction of 
protein can not always he prevented by the administration of non-nitrog- 
enous food. 

The excretion of phosphorus and of sulphur is also increased. 

Ho other organ has such marked effects upon metabolism, and many 
attempts have been made to utilize these effects therapeutically. 

The indications for the use of thyroid are clear in those cases in 
which there is a deficiency of the normal secretion ; in. other cases, how- 
ever, its administration must be largely determined empirically, for the 
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mode of action of thyroid upon melaboKMu is ulwmv. Some believe 
that it stimulates cells directly to increased activity ; wherca- other- think 
that the effect is primarily upon various parts of tin* nennas -\-i«ui, 
the stimulation of which causes increased activity which re-nlt- in in- 
creased nietaholism. In support, ul the latter \ tew And»*r-* *ou and Herr- 
mann (5) state that there is no increa.-e in tin* carbon dio\id output 
when thyroid is administered to a man kept, in pert eel ijuict. I hat ex- 
cessive amounts of thyroid do increase nervous irritability i- generally 
accepted on the basis of observations in Graves disease, and the results 
of administering large doses of thyroid. Magnus- Levy tl*»t>) believes 
that there are great, individual differences, but that in some ea-ei then* 
is an increased metabolism of the resting cells, ll is evident that the 
solution of this problem has important hearings upon the u-e oi thyroid 
to influence nietabo] ism ; if the thyroiM iuerea.ses mef.d>oli*uu only indirect 
ly by causing, through stimulation of the nervous .system, iaerea-ed ae 
tivit.y, it could scarcely he considered a specific treatment «f nltc* iiy, for 
example (at least in those forms in which thyroid deficiency i* not a 
causal factor). 

Excessive doses of thyroid have marked effects upon the circulation 
and nervous system, hut. these are of interest ehiellv in connection with 
the toxic action of the drug; they do not suggest any therapeutic in* 
for it. Eppinger, Ealta, anil Kudinger ultrilmtc many of the-e elfeets 
to increased irritability of the sympathetic nervous system. 

TlIERAPKlTTia I r 8KK OK TlIYJtUXU 

Thyroid is employed both rationally and empirically. In all ca-cs 
where the pathological condition is clearly due h» thyroid detteii*nev the 
treatment gives brilliant results, unless serious secondary effect*, or com 
plications have arisen. Its empirical use has not, in mo-t ea-e-t, been 
attended with much success. 

Conditions of Hypothyroidism (317, 333 L- For the n-c of thyroid 
in hypothyroidism, see Vol. Ill, Her. IV, Chapter VI i. 

Mild Conditions of Hypothyroidism In addition to the aho\e con- 
ditions, in which there is obviously severe thyroid deficiency, there are 
a number of conditions of hypothyroidism of a less severe type: Hertoghc 
and Koeher (114-) have laid especial emphasis upon the-e. Koehep states 
that he sees many cases which have been treaftsl for anemia, chlorosis, 
scrofula, nervousness, and disturbances of menstruation, which .-eem to 
him clearly to he cases of thyroid deficiency. II*. also calls attention to 
the cases in which children show retarded growth with no apparent cause. 
The favorable results following the administration of thyroid makes the 
diagnosis of the- condition clear. Many of the cases of mild thyroid 
deficiency show, according to Koeher, very definite symptoms, among 
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the most marked of which is a feeling of inhibition preventing the sub- 
jects from accomplishing that which they desire. They are incapable of 
continued effort, such as reading, writing, and even speaking; they be- 
come sliy and avoid society. They are indifferent to food, and neglect 
going to stool. 

The author states that remarkable improvement follows the administration of 
thyroid in such eases. 

Koelier mentions many other symptoms due, as the effect of thyroid 
treatment shows, to slight thyroid deficiency. Among these are fatigue 
from slight, exertion, although muscular development is good; slight swell- 
ings of the eve-lids, lips, and cheeks; tendency to obesity, and the ap- 
pearance of local accumulations of fat; swelling of the joints, so that 
patients frequently state that they suffer from gout or rheumatism; 
paresthesias, especially feelings of stiffness. Sometimes the skin has 
a yellowish tinge, suggesting chlorosis. Pigmentation of the skin is fre- 
quent, resembling that seen in pregnancy; the pigmentation in the latter 
condition may be due to relative thyroid insufficiency. This pigmenta- 
tion often disappears under the influence of thyroid. 

The author raises tlie question if the effect of the thyroid in such cases may 
not 1)0 due to an effect upon the suprarenale or other organs of internal secretion. 

Further changes in the skin and its appendages, upon which Koelier 
lays much emphasis, are dryness and coldness, with little tendency to 
sweating; the dryness of tlie hair and its tendency to fall out; the ten- 
dency of the nails to crack, and of the tooth to caries. 

The author warns against ascribing more severe skin diseases to a condition 
of hypothyroidism, although he states that eczema, ichthyosis, etc., are especially 
prone to emu* where the nutrition of the skin is deficient as a result of 
hypothyroidism. 

Individuals with these mild degrees of hypothyroidism are sensitive 
to the cold. Tlie coldness of the skin is due to sluggish circulation, 
which is also evident from the slow, weak pulse. 

Koelier states that marked improvement occurs in such cases as the 
above within a week or ten days, sometimes even in twenty-four hours, 
after beginning the administration of thyroid. Similarly beneficial re- 
sults are stated to occur in the aged, when symptoms of thyroid hypo- 
function result from the gradual deterioration of the gland, and in preg- 
nancy, when the thyroid is unable to meet the increased demands made 
upon it. 

Various chronic diseases and intoxications (tuberculosis, alcoholism, 
and sometimes syphilis) may injure the thyroid, so that a mild degree 
of hypothyroidism results ; here again thyroid medication may he of 
benefit. 
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Stoeltznor (205) states tlial rudimentary forms nf infant ile myx- 
edema, characterized by cessation of growth, exee.-.-ivc iatne.—, etc., are 
not uncommon ; they sometimes follow infectious diseases or traumat Dm. 
Thyroid causes much improvement. Simpson (206) reports favorable 
results in many cases of infantile wasting. For children under nine 
months he began with one-third of a grain of the dry gland once daily, 
larger doses sometimes causing diarrhea. Doses up to 1 grain daily 
were given to older children. 

Goiter (lit), 152). — For flic use of thyroid in goiter, >er Vo], Ml, 
Sec. IV, Chapter VII. 

Obesity. —For the use of thyroid in obesity, sin* Vol. II. Nee. Ill, 
Chapter VII. (See also references 67, DM, DS6, 1 67. I IP, 10.*}, is.'}, 
214, 21S, 2 It), 220.) 

Other Conditions. — In addition to the above, thyroid ha* been given 
in a very great number of other conditions. In >mne of thc-e thyroid 
deficiency was suspected; in others it was apparently u-ed beeau-e the 
symptoms resembled some of tlnwe occurring in hypothyroidism. Among 
these conditions are various disturbances of the* skin, e-peeially the dry, 
scaly varieties; thus it has been highly recommended in eczema, e-pe 
cially in that, of early childhood and of old age. It has been u-ed ev 
tonsively in psoriasis, chronic urticaria, pruritus pemphiims ichthyo-i* 
( lien ix and Galippe, I*SP)> and scleroderma ( Roequr-*, I s ! t; in the laf 
ter condition tin* thvmid has sometimes been found atrophied t Well-, 
224). 

It. has been recommended iu various difturhuucci* of tin* joint-. ,-uch 
as arthritis deformans, irregular gout, chronic rheumatism , and indetinite 
‘‘rheumatoid 1 ’ pains (Kteole-Rerkins, 262; WiDon, 2.*il ; Ntuheuruueh, 
206). Among recent. writers Levi and Rothschild (122) have especially 
emphasized its value in certain forms of rheumati.-m of ehildreu ; in the-e 
the thyroid is frequently enlarged (Diemens, J5X 1- It ha.- al-o been u-ed 
in certain eases of migraine and neuralgia, especially in th«»-e a.-iMfiaicd 
"with menstruation. Thyroid lias found extem-ive iim* in varum- di-or 
ders of me nst mat Urn (Goodall and Dona). Experimental and clinical 
work has shown that the thyroid is necessary for the proper development 
of the genital organs and for menstruation. Further relation- between 
the thyroid and the. female sexual organs are suggested by the more fre- 
quent occurrence of myxedema in women after tin* climacteric, especially 
in those who have borne children, the more frequent occurrence of oxoph- 
thalmie goiter in women, and l»y the enlargement of the thyroid during 
menstruation and pregnancy. It. has been recommended in amenorrhea 
when other causes can not he detected, and especially if there is a ten- 
dency to obesity or myxedema. Thyroid in large do*-. ha* been warmly 
recommended in eclampsia j the henelieial effects were* attributed in part 
to the diirn tie action. 
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Tlie influence of tlie administration of thyroid upon the defective 
growth of bone in cretinism suggested its use in delayed union of frac- 
tures; some writers have reported very favorable results. Bircher (28) 
found that the administration of thyroid to young animals delayed bone 
growth ; he does not believe that the effect in cretinism is specific. Thomp- 
son and Swarts (209), contrary to some, did not find that removal of the 
thyroid delayed the healing of fractures. It has been said to give good 
results in rickets (Variot and Pironneau, 211). 

Excellent results have been reported from the use of thyroid in hemo- 
philia (Hugh, 190). It is said that the preliminary administration of 
the drug renders necessary operations (extraction of a tooth, for exam- 
ple) safer. Such results would scarcely be expected, for the coagula- 
tion of blood is said to be distinctly delayed in Graves’ disease and ex- 
perimental hyperthyroidism (and to be accelerated in conditions of hypo- 
thyroidism) . 

The marked mental changes produced by the administration of thy- 
roid in myxedema and cretinism have led to the use of thyroid in other 
mental disturbances ; the results in certain cases of beginning melancholic 
insanities are stated to have been good. It is interesting to note in this 
connection that a very large percentage of patients who die with mental 
diseases have abnormal thyroids (Peabody, 167), and that Grafe (77) 
has found in certain mental diseases a true retardation of metabolism 
(heat production 39 per cent., below normal, for example), which is sug- 
gestive of a condition of hypothyroidism. 

Methods of Administering Thyroid 

Transplantation. — The earliest attempts to combat thyroid deficiency 
were by the transplantation of normal thyroid. This method has suc- 
ceeded when the thyroid was transplanted to another part of the same 
individual. It has been less successful when tlie gland was transplanted 
from one animal to another of the same species. It is especially recom- 
mended in eases in which other forms of substitution therapy fail. Kochei 
states that one great advantage of transplantation is that the body can 
regulate the amount of secretion according to its needs. 

Subcutaneous Injections. — Murray (1891) introduced the method of 
treating myxedema by tlie subcutaneous injection of glycerin extracts of 
thyroid; the extracts were obtained from sheep and calves, and were pre- 
served with phenol. They frequently caused severe local reactions. Beebe 
has recently suggested that this method he revived; he recommends the 
use of a preparation of thyreoglobulin. 

Administration by the Mouth. — A very important advance in thyroid 
medication was made in 1892, when Eox, Mackenzie, and Howitz almost 
simultaneously announced that favorable results could be obtained in 
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myxedema hy tlio administration per on of tht i irc-li or cooked lluroid. 
The use of cooked glands was soon practically replaced b\ Mir u-e ot llir 
dried glands, and of various extracts. Home of these have received ig- 

nition in various pharmacopeias. 

CUlKMIHTKY OK TllYlSOin 

The older investigators reported the presence in thyroid <d albumin-*, 
nueleoproteids, alhmnoses, lenein, xanlhin, hypoxanthin, laetie and sue 
c.inic acids, etc. In glands which have undergone cystic degeneration 
the finding of mucin, eliolcstcrin, met hemoglobin, hile pigment*, ele., is 
reported. 

Since I.Ikv discovery, in IS Do, hy lhuimann (Hi) of iodin in the thv 
roid, interest in the 1 chemistry of the gland has centered largely around 
this element, mid the substances with which it is in combination. 

The amount of iodin in the thyroid, not nnlv of man, hut of the lower 
animals, is extremely variable*, being intlueneed hy age, character of the 
food, locality, and many other, for the most part, unknown, factor*. The 
thyroids of infants and of newly horn animals contain little iodin; in 
fact, it. can not be defected at all in many eases, at least not bv the u*e 
of usual quantities of the gland, and by {lie usual methods. A-ehhaeher 
gives the average amount of iodin in the human thyroid between the 
ages of twenty-live and thirty as S.1IS milligrams; it is les*. both in \uuth 
and old age. The percentage based ou the weight of the dry gland vane* 
from zero to 0.4- or 0.5. Extreme variations both in the total amount and 
in the percentage occur. 

The form of combination of iodin in the thyroid is unknown, nofwiili 
standing the* large amount of work which has been devoted to the prob 
lem. The form is specific for the thyroid; no other indin compound i- 
known which has the physiological properties of the thv roid -uh-taner 
(Hunt and Seidell, 1(H). It is known to he united in some way to the 
proteins, probably to one or more of the amino acid constituents of these. 

Baumann isolated a specific hut. ili-delined iodin compound from the 
thyroid, one which has at least many of the peculiar propertied of the 
gland substance itself. lie named this substance iodothvrin. 

Oswald (151), 150) isolated, at least approximately, the protein with 
which the iodin is combined. He named this protein thyreoglobulin : it 
was found to constitute one-lhird to one-half or more of the weight of the 
dry gland. Tlio iodin content varied from zero to O.SO per cent, or more. 
Oswald believed this Ihyrcoglolmlin, when if contained iodin, to repre 
sent the true active principle of the thyroid; Baumann's iodothvrin 
could he obtained from it hy hydrolysis, 

Oswald also isolated an iodiu-free protein having the properties of 
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a nucleoproteid ; this did not have the characteristic physiological thyroid 
action. 

JJoebe (IS), using similar methods, did not secure as complete a 
separation of iodin-eontaining and iodin-free proteins. 

Relation of the Iodin to the Physiological Activity of Thyroid. — 
Bsumuiini’s discovery of iodin in the thyroid stimulated an immense 
amount of work, and led to the accumulation of a large number of facts 
as to the occurrence of iodin in the thyroids of various animals, and in 
those of man, under various conditions, both pathological and normal. 
The fact that iodin can frequently not he detected in the thyroids of 
healthy individuals lias led many to doubt whether this element is a nec- 
essary or important constituent of the gland (c. f. Hunt and Seidell, 
302). From almost the hegi lining there has been evidence, not very 
conclusive, however, that the activity of the thyroid when used as a drug 
is closely dependent upon its iodin content. Thus, Roos (186) in three 
experiment* upon dogs found that more nitrogen was excreted after the 
administration of thyroid rich in iodin than after that of thyroid contain- 
ing little iodin. Roos also administered thyroid containing different 
amounts of iodin to four patients with parenchymatous goiter; that con- 
taining the largest amount of iodin was the most active in diminishing 
the size of the goiter. 

Oswald (in 7, 158) also found in two experiments thyreoglobulin rich 
in iodin to cause a greater excretion of nitrogen than did thyreoglobulin 
poor in iodin. Murine and Williams (139) found in two experiments 
that thyroid containing a larger percentage of iodin caused a greater 
loss of weight in dogs than did a preparation containing a smaller per- 
centage. 

Hunt and Hunt and Seidell, in extended series of experiments, in 
which the effect of thyroid upon the resistance of animals to certain 
poisons was determined, found a close parallelism between the physio- 
logies I activity of the thyroid and its iodin content. They also found 
that the iodin which accumulates in the thyroid after feeding iodin com- 
pounds is present in an active form, that is, in the form characteristic 
for the thyroid. 

Although further clinical tests are desirable, the above experiments 
offer almost conclusive evidence that the therapeutic value of thyroid is 
directly proportional to the iodin content (Kocher, 113). 

Several writers have called attention to the variations in the iodin 
content of commercial thyroid preparations; Hunt and Seidell found the 
preparations on the American market to vary from 0.095 to 0.38 per 
cent. The average was approximately 0.2 per cent. 

It is thus evident that the commercial preparations vary by as much 
as four hundred per cent. Such variations in the strength of most drugs 
would be considered intolerable, and there can be little doubt that more 
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satisfactory results would often lx* obtained if the thyroid preparation-, 
were more uniform in strength. That lack of uniformity tines not c.ium* 
more inconvenience is due largely to the fact that thyroid medication 
must, by its nature, he peculiarly individual; the dose mud he governed 
by the degree of thyroid tlelieieney of the patient, and this ean only be 
determined by trials of different doses. When, however, tin* proper 
dosage of a certain preparation in an individual ease ha*- been deter 
mined, it would bo distinctly advantageous to be able to continue the 
same dosage if a fresh supply were pre.-eribed ; at pre-ent, even if the 
same firm’s preparation were prescribed, tin* second order might he .sev- 
eral times as active as the first. lienee, it would he very desirable fur 
the pharmacopeia to fix a standard indin content for the otHeial prepara- 
tion ; a standard of 0.2 per cent, would seem reasonable (Hunt and Sei- 
dell, 103). 


Official and Otiikk PitwrAUATioxs of Thykoiu 

Pharmacopeial Preparations. Desiccated thyroid gland is recognized 
in the United States Pharmacopeia (VIII, ) under the name Ulan 
duloe Thyroidea*. Sicca*; it. is directed to be obtained from the dieep and 
to be freed of fat, and powdered; one part represents approximately five 
parts of the fresh glands. Tests are included to injure tin* pre-cnee of 
iodin in organic combination and the absence of inorganically combined 
iodin. The average dose is given as 0.25 gram, or four grains. 

The Belgian Pharmacopeia (III, lJ)0f>) recognizes thyroid in various 
forms. It is stated that sugar of milk should be added to the dry thy- 
roid or its extracts, so that tlie weight equals that of tin* fresh gland* from 
which it is obtained; a gram of tin* fresh gland or the equivalent in the 
dried or extracted form contains about O.OOOJl gram of iodin. ThU cor- 
responds to about 0.1 5 per cent, iodin in the dried gland. 

The British Pharmacopeia (INJIN) recognizes two preparation- 1 of 
thyroid, the dry (Thymidemn sicemn) and the solution ( Liquor Thv- 
roidei). The former is direeted to he dried at 32.2 1 (\ to 3T.s * t and 
to have the fat extracted; the dose is given as three to ten grains. Tin* 
solution is prepared by macerating Ilu* glands (of sheep) with equal part- 
of glycerin and a 0.5 per cent, solution of phenol, straining and adding 
sufficient of the phenol solution to make six c. e. for each entire aland 
used. It is to be freshly prepared; dose, live to fifteen minims (which 
is equal to one-sixth to one-twentieth of an entire gland). 

, ^ present thyroid is administered, at least in this country, 

chiefly as the dried powder which is usually prescribed in the form of 
tablets. Such tablets are very convenient and satisfactory if tliev are 
weli chewed, hut their use has led to the utmost confusion as to dosage 
■Many physicians both hero and abroad speak of prescribing -o mauv 



THYKOID 


81 


“tablets” without, as a rule, specifying either the size of the tablet or the 
maker ; others speak of prescribing “two” or “five-grain tablets,” without 
specifying whether the weight refers to the total weight of the tablet (that 
is, the thyroid plus the excipient), or to the thyroid alone, and, in the 
latter case, as to whether the weight refers to the fresh or dry gland. 
Others specify some manufacturers’ “tablets” without further particu- 
lars. How inexcusably inexact are such procedures is evident from such 
facts as the following: Many manufacturers prepare several “tablets” 
of different sizes; one firm, for example, lists “one-half, one and one- 
half, two and one-half, and five-grain, and one-tenth and three-tenths-gram 
tablets” ; which of these tablets the patient received when the physician 
states that he administered this firm’s “tablets” it is usually impossible 
to determine. 

The confusion as to dosage is still further increased by the fact that 
different firms use different methods of expressing the amount of thyroid 
in their tablets. Thus, one firm’s “five-grain tablet” contains two grains 
of desiccated thyroid; another firm’s “five-grain tablet” means that each 
tablet contains the equivalent of five grains of the fresh gland. One 
firm’s “two-grain tablet” means that each tablet is equivalent to ten 
grains of the fresh thyroid; another firm states that one grain of their 
dry thyroid represents eight grains of the fresh gland. There can he 
little doubt that, when some physicians Avrite of prescribing a five-grain 
tablet of dry thyroid, they really prescribed a tablet containing the 
equivalent of five grains of fresh thyroid, or one-fifth of what the reader 
may he led to suppose. 

Since some commercial “tablets” contain twenty times as much thy- 
roid us other “tablets,” and since some preparations of thyroid are four 
times as activo as otliors, there is a possibility of one “tablet” being equal, 
physiologically, to eighty other “tablets.” # 

Extracts' and Other Preparations,— In addition to the above, there 
are a number of extracts and other preparations of the thyroid on the 
market. The term “extract” is frequently applied to the dried powder, 
a practice often leading to confusion. 

Thyroidin-M erch, a preparation to which reference is frequently 
made in the literature, is dried thyroid, four-tenths gram of which is 
equivalent to one fresh sheep thyroid of medium size; one part repre- 
sents about six parts of the fresh gland. 

Thyreoidin-N othin is a preparation of the proteins of the thyroid, 
stated to be especially useful for hypodermic injection. The dose per os 
is one-sixth of a grain; hypodermically, 15 minims of a five-tenths per 
cent, solution. 

* The above remarks apply to the tablets on the American market. Equally great 
confusion prevails in regard to other “ tablets” on foreign markets; thus in one case 
a one-tenth-gram tablet contains one-fourth of a medium sized thyroid of a sheep. 



82 


QUO A N OT II K U A P K I*TI CS 


Thyriukn is the extract prepared l»y extract ing the gland?* with nor- 
mal saline solution and precipitatin']: the protein?* and tlr\ iutr- It eon- 
tains 0.07 per cent. Kalin ; one j>art is equal 1o ahout two part" nt tin* 
fresh gland. 

Beebe (18) lias recently proposed tin* um» of thyroid prolrms (thyreo- 
globulin) prepared by extracting tin* ground gland* with normal ."aline 
solution and precipitation with acetic acid at -II ( : the protein**' an* to 
be dried and mixed with sugar of milk in such proportion" that the 
preparation contain O.&IS per rent, indin. 

Iodothyrin . — As lias already been Mated, Baumann obtained from 
the thyroid a suhslance rich in indin, which he called iodothyrin. 

Both clinical and experimental studies with indot hyrin have led to 
very contradictory results. Some of the earlier writer** reported finding 
iodothyrin to have the full activity of a corresponding amount of thy- 
roid, or to be even slightly more active than this; many later writers have 
found it. very inferior to the latter. 

Some of tlu* latter results are doubtless due to tin* employment of 
too small doses. This seems to have been the can*, for example, in the 
experiments of Pick and Pineles (170), who concluded that iodothyrin 
is entirely incapable of replacing thyroid. An examination of their pa 
per, however, shows that, they compared the effects of from 0..'S in 0.U 
grams of the commercial “iodothyrin” with that of front 1.1 to l) grains 
of dry thyroid; the above doses of “iodothyrin” correspond to o.:! t * » (fit 
gram of the fresh thyroid, or to about 0.0(5 to 0. IS gram of the dry gland. 
These authors thus fed about twenty times as much of the one prepara- 
tion as of the other. 

Other of the negative results with iodothyrin were probably due to 
the use of inferior preparation*. Hunt and Seidell ( PH) found two of 
three commercial preparations to contain !oo>ely combined indin : one 
of these was almost inert physiologically, tin* other had a moderate de 
gree of activity, whereas the third preparation, which gave m* reaction 
for loosely combined indin, was as active as thyroid containing a cor- 
responding amount of indin. 

The above considerations explain some of the contradictory -faiemeuis 
concerning the therapeutic elHeiency of iodothyrin. Pn^ibly other fac- 
tors are involved, von Noordeu (21U) state.** that he ha- abandoned the 
use of iodothyrin (in obesity), because it did not >eem "titliciontly effec- 
tive in the customary closes (one gram daily), whereas* with d*»-e** of 
two to three grains, which had a definite effect on body* weight, patient* 
complained of irritation of the heart. Kocher (111) states that he has 
seen cases in which ordinary thyroid preparations failed, hut in which 
iodothyrin succeeded, and rice reran ; he also cites a Mriking case of 
cachexia thyreopriva in which the symptoms wen* completely relieved 
both by iodothyrin and by thyroid extract. 
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Untoward Effects and Contraindications 

Untoward effects not infrequently follow tlie medicinal use of thy- 
roid. There are, however, great individual differences in susceptibility. 
Children are stated to be less sensitive than adults; patients with myx- 
edema and goiter are especially sensitive. 

Among the milder symptoms reported from overdoses, or the long- 
continued use of smaller doses, or in especially sensitive individuals, are 
Hushing with increased sweating, fullness of the head with palpitation of 
the heart, tachycardia and anginose pain in the heart, dyspnea, faintness, 
dizziness, loss of appetite, etc. Such symptoms have followed the tak- 
ing of two grains of the dry powder. Other symptoms are nausea, vom- 
iting, and severe diarrhea. Eoulis reported a case of profuse fatal diar- 
rhea following the first dose of one-fourth of a lobe of thyroid in twenty- 
four hours. Glycosuria frequently occurs. Marked nervous disturbances 
may occur. In addition to the palpitation, etc., there may be great rest- 
lessness and sleeplessness, irritability, tremors, pains in the back and 
extremities, and even delirium. The temperature is sometimes elevated. 
Urticaria and other disturbances of the skin may occur. Great emacia- 
tion, long-continued debility, and anemia have been reported; the urine 
may be diminished, although, as a rule, thyroid has a diuretic action. 

In cases of rapid growth under treatment, bow-legs have sometimes 
been reported; in such cases the dose should be immediately diminished. 

A number of fatal cases have been reported from ordinary or small 
doses. 

A condition very similar to exophthalmic goiter has been reported a 
number of times following the excessive use of the drug. Von Notthaft 
(221) reported such a case where an obese man took nearly one thousand 
u \ ablets” in five weeks; the symptoms slowly subsided when the drug 
was discontinued. 

A large number of accidents, some of them fatal, have occurred from 
the use of thyroid in obesity. It is especially dangerous in obese pa- 
tients with a tendency to cardiac or aortic disease. It is also contrain- 
dicated in obese patients with a tendency to diabetes. 

Beebe (II) reported a case of fatal diabetes in a woman after recov- 
ery from Graves’ disease following the administration of thyroid. 

Chile (42) states that death has followed a single therapeutic dose 
of thyroid in Graves’ disease. ICrecke reports that he has seen emacia- 
tion, tachycardia, and excitement continuing for a year after the admin- 
istration of thyroid to patients with Graves’ disease. 
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THE PARATHYROID GLANDS 

Functions of the Parathyroid Glands. — What is known «»f the func- 
tions of the parathyroids lias been learned almost entirely from tin* ex- 
tirpation of these glands in animals and man. 'Flu* typical -vmptoms 
in animals are as follows: There is a latent period o| -several (twelve to 
forty-eight) hours in which the only j«yniptoms may he a In-- of appetite, 
increased thirst, and perhaps a condition of hyperirritabilily <d peripheial 
nerves. Then appear unrest and fibrillary contractions oi vurinu?- nm.-eles, 
especially of tlu k tongue; the*c become more fmjuent and are accompanied 
by a stiffness of the extremities and clonic contraction-* *d group- of 
muscles. The cdouie contractions then extend to all the iiui-eh**., leading 
to the typical tetanic attacks, which art* accompanied b\ -altvalion and 
increased cardiac and respiratory activity, and a ri-e of temperature. 
These attacks are succeeded by a condition of prostration, during which 
the dyspnoie n*s]»iratiou gradually returns to normal. The animal may 
apparently completely recover, hut, within a few hour-, or a day or two, 
new attacks develop and death occurs. The duration of life after complete 
removal of the parathyroids rarely exceeds ten to fourteen days. 

If only two or three parathyroids are removed, there may develop a 
condition of latent tetany; in this there are often »m -s mptoin - except 
under special conditions. Among the influences provoking attacks of 
tetany the occurrence* of pregnancy or lactation is nto-t prominent, al- 
though the administration of various poisons may al-o provoke an attack. 

It is now generally held that, the tetany following parathyroidectomy 
is due to the accumulation in the blood of toxic suh-tauee-, which in flic 
normal animal an* neutralized in some way hv the action of an internal 
secretion of the parathyroids. 

iMaeUalhim and Yoegtlin suggested that the* tetany 1- due in part to 
a loss of calcium from the tissue*; the injection of calcium -alt- relieve-! 
the symptoms. From later experiments (212) they conclude that the 
action of calcium in curing the symptoms of tetany is due very largely 
to its depressing the excitability of tin* motor nerves. It i- iutere-ting 
to note, in this connection, that. Thompson, Leighton and Swart- (-re 1 t, 
and JYIorel (147) have found that traumatism of hum* prevent- tetany 
from removal of the parathyroids ; it does not, however, prevent the de 
volopment of fatal cachexia. 

In some cases of parathyroidectomy nutritional disturbances, leading 
to death in cachexia, are the most marked or only symptoms ((Rev, 71 ; 
Thompson and Leighton, 208, 120). 

Parathyroid Deficiency in Man. — -Tin* clearest cases of parathyroid in- 
sufficiency in man arc those in which the glands have lx*en more or h-.-s 
completely removed or injured at operations. Cases of this character are 
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now rare, but occasionally occur (Pool, 174; Branham, 32; Erdheim, 
54) as a result of accident, especially, apparently, from an interference 
with the circulation of the glands (Halsted, 83). 

The symptoms of post-operative tetany in man are very similar to 
those described in animals. If death does not occur in a short time, a 
chronic condition of latent tetany or of subtetanie hypoparathyreosis 
(Halsted) develops. Such a condition may continue for years, the pa- 
tients having attacks of tetany at irregular intervals. 

Another fqrm of tetany, in which it is reasonable to suppose that a 
condition of parathyroid insufficiency exists, is that which occurs in preg- 
nancy or lactation ; at other times there may be no evidence of tetany. 
This form is strikingly like that observed in parathyroidectomized ani- 
mals; it has also been observed in women after operations on the thy- 
roid (Prank, 66). Krabbel * reports the case of a girl who for seven 
years had tetany only during menstruation; she was completely relieved 
by the implantation of parathyroids into the tibia. 

Another form of tetany, the etiology of which has been the subject 
of much discussion, is that of children. A number of writers have re- 
ported finding extensive hemorrhages into the parathyroid glands in this 
condition. Others, however, state that such hemorrhages are compara- 
tively common in infants, and maintain that they are found as frequently 
in children who do not show tetany symptoms during life as in those 
who do (Auerbach, 10). Extensive hemorrhages into the parathyroids 
have been reported in cases of sudden death, with spasms, of children 
(Grosser and Betke, 78). 

Attempts have been made to bring other forms of tetany (that of gas- 
trointestinal origin, toxic tetany, and those forms associated with various 
nervous diseases) into relation with the parathyroids. 

Parathyroid deficiency has been suspected to be a factor in paralysis 
agitans, myotonia congenita, myoclonia, chorea, osteomalacia, rickets, and 
eclampsia. 


Therapeutic Uses oe Parathyroid 

Experimental. — Some of the earliest investigators of the physiology 
of the parathyroids (Lusena, Vassale, Generali, Moussu, MaeCallum) 
found that the tetany could be prevented or checked by the injection (sub- 
cutaneous, intraperitoneal, or intravenous) of emulsions of the parathy- 
roids ; favorable results were also reported from the feeding of the gland. 
Berkeley and Beebe (21) found that the active part of the gland is tlie 
nucleoprotein fraction; this is efficient when given by the mouth, but 
much more so when given subcutaneously. 

♦This author also reports a ease of a man with hypoplasia of the genital organs 
who had tetany (relieved by transplantation). 

8 A 
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The treatment of parathyroid tetany bv the adinini-trai inn « » t the 
glands differs in import aut particulars trom that «»i m\ xrdeui.i b\ tin* 
administration of thyroid. Thi* etlect ot thyroid i- -.1 r i** 1 1 \ -| « ***i ti«* ; m> 
other gland, .substance, or method will relieve the -\ mpo mi-. It ha- been 
found, on the other hand, that parathyroid tetun\ cun he otiWiually 
cheeked l>v the administration of salts of calcium, mauuedum, -trouiium, 
and barium, and, in at least some oases, by the injection ot hi rue amounts 
of sodium cldorid solution. 

In most of the experiments in which parathyroid wu-. admiui-teivd 
only tlio symptoms of tetany were relieved, the animal- d\ imr Ian r in 
cachexia; the eases of complete recovery may have been due t<« the h % per 
trophy of accessory glands. Thus, valualde as the admini-l rat i<m ot the 
gland may be in cheeking the symptoms of tetany and in prohuitMun lib*, 
it is open to question whether it i* pn,-,-ible to obtain peruiam of cure- in 
coinpleto parathyroidectomy. Its greatest field of its I nine— would *eem 
to be in combating the imnu*diate oilVot- of parathyroid deticiencs and 

in prolonging life until injured glands can regenerate or u< -*»r\ one-, 

hyperlvophy. 

Bor the permanent relief of parathyroid iu-utUoh-nev fr.ui-phiut.it ion 
of the glands is indicated, lmt tin* results have been disappoint inn t Hal 
sled, S4 ; Leisehner and Kohler, 1-1; LundoU, llsj. llal-ted c.iu«*ludes 
that trans])hmtations succeed only when a parathyroid deth-imes ha born 
previously induced, and that parathyroid ti-Mie transplanted in esee-- 
of what is urgently required by the organism does not live. 

Organotherapeutics in Man. — Kfforts to control the tH.«u\ follow imr 
removal of the parathyroids, or the eiTeels of interference with their btoo 1 
supply, by the adminislralion of parathyroids, have met with \ .triable 
degrees of success. Jlalsted (SIS, Si) states that, “in a pafiem - iifferiinr 
greatly from suhtetanic hypoparathyroidism ns the re-ult of tvw opera 
tions upon a large goiter, tetany had for three years been averted, and 
the status paralhyrooprivus made endurable by the feeding of p.irufht 
raids, by hypodermic injections of the nueleoproteids of the par.it in r*dd 
gland ( Beebe 1, and for almost one year by the admitted rat b>n of calcium 
lactate ( Muc( ■allum and Voegtlin )." At the beginning -i\ dried beeve-’ 
parathyroids were given every three hours; tin* cJTeet "wa- almo-f in 
Rtantaneous and most marvelous. 3 ’ The dose was then red need to one 
gland three times daily; further reduction could not, for several week-, 
be borne. Later fresh glands were substituted; these were more readily 
taken than the dried ones. 

Branham (o 4 2) used subcutaneous injections of emul-ion-* of beef 
parathyroids with much success an a ease following operation for goiter; 
the tetany disappeared permanently after the second injection. 

Schneider (1U6) reported a ease of post-operative tetany in which 
the administration of the dry parathyroid of the horse (I Uhi gram in 
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two days) was followed by marked improvement; the symptoms later re- 
appeared, but disappeared after 0.03 gram of parathyroid. Other favor- 
able reports have recently been published by Bircker (26) (two cases) 
and others. 

Several cases have been reported in which relief or cure of post-opera- 
tive tetany followed transplantation of the gland. 

Leisclmer and Kohler (121) obtained only temporary relief from iso- 
transplantation in one case, and no results in another. They suggest that 
in some of the apjmrently successful cases of isotransplantation in man 
there was a regeneration or recovery of function by the parathyroid tis- 
sue of the patient. 

Parathyroid has been administered with varying results in a number 
of other forms of tetany and in other conditions; the possible influence 
of suggestion can not always be eliminated. 

Berkeley relieved the symptoms of gastric tetany by the administra- 
tion, by mouth, of fresh beef parathyroid; Moffitt (1-16) also reports 
favorable results from the use of the dried powder, and later from hypo- 
dermic injections of the nucleoproteid of beef parathyroids. 

Loowentlial and Wiebreelit (126) obtained good results from para- 
thyroid feeding in infantile tetany; others have reported entirely nega- 
tive results. 

Berkeley (20) lias secured better results from the administration of 
parathyroid in paralysis agiians than from any other remedy. The treat- 
ment should be long continued. Of twenty-six cases treated, five were 
not benefited, three showed temporary improvement, and eighteen grew 
progressively belter during the whole period of treatment. Roussy and 
Clu net (18S) observed slight temporary improvement in two cases, a 
distinctly had (‘fleet in two others, and no effect in a fifth case; they re- 
port a condition of parathyroid hyperplasia (whether primary or secon- 
dary not determined) in this disease. Oppenheim recommends the ad- 
ministration of doses corresponding to 0.05 gram of the fresh gland sev- 
eral times a day. 

Eavorahle results have been reported from the use of parathyroid in 
eclampsia, epilepsy, and chorea (especially of adults) (Garavini, 72). 

Method of Administration 

Various commercial dry preparations have been put on the market. 
Berkeley states that in his experience such preparations have not proved 
of value, and recommends the use of glands prepared as follows : Ereshly 
obtained ox glands are trimmed, pressed dry between folds of gauze, 
minced and rubbed up in a mortar with an excess of milk sugar, all the 
operation being carried out aseptically. One per cent, boric acid is added 
as a preservative and a trace of a volatile oil, usually peppermint. The 
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preparation is administered in capsules, each corresponding to one-half 
grain of the fresh gland. The dose is three* to live capsule.-' daily. 

Berkeley and Beebe have suggested, especially for hypodermic use, a 
nncleoprotein prepared from saline extracts of the glands by precipita- 
tion with dilute acetic acid. .Fifteen minims of (he one to one thousand 
solution of this are given hypodermically several times a day. (’an* 
should ho taken not to inject it into a vein, owing to the danger of 
thrombosis. 

Tlic administration, both hv flu* mouth and hypodermically, of large 
doses of parathyroid to human beings (not suffering from tetany) had 
practically no effect (Esterbrook) ; then 1 seems, at present, no mu-on to 
fear untoward results such as occur in thyroid and suprarenal medication. 

THE SUPRARENAL GLANDS 

The use of suprarenal glands as organothorapeutie agents in the proper 
sense of this term, that, is, their nduiinmtrut ion to supplant suprarenal 
deficiency, has met with hut a limited degree of success. The study of 
these organs has, however, led to the discovery in litem of a principle 
(epinephrin) which has proved of great therapeutic value in many condi- 
tions in which the question of suprarenal insutlieiency is not involved. 

The supiarenal glands of man and tin* higher animals con-ist of iwo 
parts. The cortex is of mesodermal origin and belongs to a system known 
as the iiiterrenal system. The medulla is of ectodermal origin, originat- 
ing as a part of the sympathetic nervous system; it is a part of the “ad- 
renal” or “ehromafthio" system ( so-called ‘ from its atHuity for the salts 
of chromic acid). A very considerable amount of ehromalline tissue is 
found in man outside of the suprarenal* (in small masses along the sym- 
pathetic nerve, and in the carotid gland); iiiterrenal tissue is also often 
found in other parts of the body outside of the suprarenal^. 

These two parts arc, however, for the most part, so intimately con- 
nected, anatomically, in man and the higher animals, that, it is very diiU- 
cult to study their functions separately, and most, of the knowledge on 
this subject is based upon observations and experiments upon the entire 
organ. It, may he stated here, however, that it is known that a verv im- 
portant function of the medulla is the. production ami secret ion of epi- 
nephrin, a substance necessary to the proper functioning of manv parts 
of the body. 

Effects of Disease of the Suprarenal Glands. - -The first important 
contribution to the knowledge of tlic* function of the suprurenais was tin* 
classical paper of Addison (1855) on the disease which bears his name. 
This disease is characterized by a condition of muscular and cardiac, 
weakness, usually with a low blood-pressure, a subnormal temperature, 
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apathy, disturbances of the digestive tract (vomiting and diarrhea), pig- 
mentation of the skin and mucous membranes, and a progressive cachexia 
almost always ending in death. 

The typical anatomical change found in the suprarenals in Addison’s 
disease is a tuberculous degeneration. The chromaffine tissue in connec- 
tion with the sympathetic nerve, outside of the suprarenal glands, has 
also been found involved in a number of cases; in others the chromaffine 
tissue both in and outside of the suprarenal glands was apparently intact. 
It is not possible at present to determine whether Addison’s disease is due 
primarily to an involvement of the chromaffine (adrenal) tissue or to 
that of the interrenal system, or to both. 

Absence of epinephrin has been found in a number of cases of Addi- 
son’s disease (Oliver and Schafer, 154; Luksch, 131; Ingier and 
Schmorl) . 

Recently attention has been called to certain changes in carbohydrate 
metabolism in this disease which afford further proof of a relation of 
the suprarenal glands to carbohydrate metabolism; this subject will be 
discussed later. 

Studies of other abnormal conditions of the suprarenal glands in man 
have only been suggestive of possible functions of these organs. It has 
long been known that in many cases of congenital malformations (a nen- 
cephaly, hydrocephalus) the suprarenals show a condition of hypoplasia 
or of aplasia ; in some of these cases only the medulla was involved, the 
cortex being normal. The relations of these conditions, whether causal 
or not, have not been definitely determined. On the other hand, exces- 
sive growth has been reported in cases of tumors of the suprarenals. 

Hypoplasia of the suprarenals has been met in a few cases of retarded 
sexual development, and in cases of osteomalacia and status lymphaticus. 
On the other hand, hypernephromas originating from cortical suprarenal 
tissue have in a number of cases, in infants and young children, been as- 
sociated with sexual precocity; this observation suggests a relation be- 
tween the suprarenals and the sex organs. 

Many attempts have been made to correlate certain conditions of high 
blood-pressure with hypertrophy of the suprarenals, especially of the 
medulla ; but it is not certain that the suprarenal changes are primary. 

Extirpation of the Suprarenals in Animals. — The removal or destruc- 
tion of both suprarenals leads to death within a few hours or days; ex- 
ceptions to this rule are due to the presence of accessory glands. Biedl 
describes the effects as follows: for one to two days the animals seem to 
be entirely normal ; on the second or third day there is a loss of appetite ; 
afterward apathy and muscular weakness become apparent; the move- 
ments become stiff and uncertain. Then great prostration follows, the 
animal is unable to rise, and lies extended on its abdomen. There is a 
marked fall of temperature (to 30° 0. or under), respiration is labored, 
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tlie heart is irregular and weak; Ihe animal usually dies { in three to six 
days) in this condition of paralysis. Occasionally then* are muscular 
twitcliings, more rarely convulsions. 

Experiments on animals deprived of their suprarenal- have revealed 
interesting relations of those glands to earl>oh\ drate metabolism. Idem 
and Malloisol an<l Porges ( lTo, 1 T< » ) have lomid a condition of 

hypoglycemia ; Purges found the same in three cases of Addison's dis- 
ease (see also 2iJ). 

The reduced amount of sugar in (he blood lias been belli to explain, 
in part, the most striking symptom following the removal of die supra 
remain — the asthenia; favorable results in Addison's di-en-e are reported 
from the administration of sugar (Pitres and (hmtrelet, IT:i). 

Animals deprived of their suprarenal* are easily fatigued; if forced 
to exercise, they may die suddenly. 

Such experiments as the above show that the suprarenal- an* organs 
essential Jo life, and also give some indications us to some of their func- 
tions. 

The questions as to which part of the suprarenal -y-tem, the inter- 

renal (cortical) or the adrenal (medullary), or whether both «-i*nti:il 

to life, has boon much deluded; some authors have ctm-idered that only 
the former, olliors that only the latter, is essential to life. The tendency 
perhaps has been to consider the medulla (the npiucplirm containing 
part) the vital portion of the gland. Hindi, without dousing that ihe 
adrenal (e.hrmmdHne) tissue may he essential to life, hold- that it ba- 
boon demonstrated that, the inlerrenal pari is indispensable. 

Effect of the Administration of Suprarenal Gland; Epinephrin. t Hi 
ver and Holiiifer (lf>4) made the very important discovery that extract- 
of the medulla of the suprarenal glands, when injected ititr.i\em*it-iy. 
cause a marked rise of blood-pressure. 

The ehemieal work of Abel, von Fiirth, Takamine, Aldrich, J)akin, 
Stolz, and others resulted in the isolation and, later, -ynthe-U of a deti 
nite chemical compound, named by Abel epinephriu, by Takamine ad 
renalin. Chemically this compound is dio.xypheuyletbyjolmethylamin 
(G 0 TI 13 NO :| ). It, is levo rotatory. The compound made mUetie.dh i- 
optically inactive, and has only about one-half the physiological activity 
of Ihe natural compound (Cusliuv, -Hi; Schultz, 15*7); it can, ho\ve\er, 
he separated into two optically active isomers, one of which, the hwo- 
compomwl, is identical in every respect with the natural ba.-e. 

Physiological Action of Epinephriu , — Knowledge of the detail- »»f the 
physiological action of epinephrin has increased greatly within the la-*i 
few years, and it is now possible to bring nearly all of the fact- ueeumu 
late<l (more especially by Langlev, Elliott, Rrodie and Dixon, and Dale) 
together and express them in the form of a general law; 'Hie effect- of 
epinephriu are everywhere essentially the same as those of the stimulation 
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of the sympathetic nerves. The action is peripheral, and upon what is 
known as the “myoneural junction,” -which is a part of the “receptive 
substance” (Langley) of the cell. 

The following illustrations show some of the applications of this 
law : 

Blood-Vessels . — It has been known for some time that the very great 
rise of blood-pressure following the intravenous injection of epineplirin 
is due largely to a peripheral constriction of the blood-vessels, especially 
of those of the splanchnic area. The vasoconstrictor muscles of the blood- 
vessels are innervated by the sympathetic nervous system. In organs 
(heart, lungs, brain) in which the sympathetic vasoconstrictor innerva- 
tion is but slightly developed (or, according to some writers, absent) epi- 
nephrin has little (according to some, no) vasoeonstricting effect. 

Meltzer and others pointed out that epineplirin may cause a vaso- 
dilatation in certain cases, and recently Dale has brought forward further 
evidence that there is a sympathetic vasodilator (inhibitory) innervation 
of certain vessels; these dilate under the influence of epineplirin and of 
the stimulation of the sympathetic nerves if the effects of the constrictor 
fibers are excluded by the action of ergotoxin. 

In this connection it may be remarked that the effect of epineplirin 
upon the blood-pressure of animals constitutes a useful method for de- 
termining the relative strength of different preparations of this drug; 
its eflVet upon isolated arteries is a very delicate method of detecting its 
presence (J\ I oyer’s method). 

The vasoeonstricting action of the drug is seen when it is applied to 
a mucous membrane or to the abraded and bleeding skin; the structures 
become blanched and hemorrhages from small vessels cease. 

II earl . — Extracts of suprarenal and epineplirin cause a marked ac- 
celeration and strengthening of the heart beat; the effects are the same 
as those of the stimulation of the accelerators (sympathetic motor nerves) 
The maximum rate reached is the same as the maximum rate after stim- 
ulation of the accelerators; this rate may be maintained for some time by 
the repeated injections of small doses (Hunt, 97). 

In the intact animal the acceleration of the heart is frequently (al- 
most always, if the dose is large) prevented, at least at first, by a simul- 
taneous stimulation of the vagus centers; the latter is attributed largely 
to the high blood-pressure. 

Alimentary Tract . — The effect of epinephrin on the alimentary tract 
is throughout the same as that of the stimulation of the sympathetic 
nerves. When the latter cause inhibition, epineplirin does also ; when the 
stimulation of the sympathetic causey contraction, epinephrin does the 
same. Thus, in the rabbit epinephrin causes relaxation of the entire 
alimentary tract, with the exception of the pyloric, ileocecal, and inter- 
nal anal sphincters, which contract under its influence. The innervation 
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of tlic alimentary tract, varies in different, species of animals; the effects 
of epinephrin vary in a corresponding manner. 

Camion and do la Paz (flfj) believe that, the inhibition of the intes- 
tinal movements which results from strong emotions is due, at. least in 
part, to increased secretion of epinephrin; they have shown the latter to 
occur during fright. 

Cannon and do la Paz suggested the use of strips of the inte.Miue as 
a very delicate test for the presence of opmephrin, especially in blond. 

Urinary Bladder . — The same relations bold for the bladder as for 
the alimentary tract; in those animals in which stimulation of the sym- 
pathetic causes relaxation of tin* bladder and contract ions of the urethra, 
epinephrin does the same; when stimulation of the sympathetic is with- 
out effect, upon the bladder, epinephrin is also without effect. 

Uterus . — The effect of epinephrin upon tlu* uterus is determined by 
the character of the sympathetic innervation. It, like the stimulation 
of the sympathetic, causes powerful contractions of the pregnant uterus 
and of the non-pregnant, uterus in certain animals. In Ihe virginal uterus 
of the cat, however, both epinephrin and stimulation of tin* sympathetic 
cause relaxation. Dale was able to demonstrate the presence of a sym- 
pathetic inhibitory supply to the uterus of other animals also. After 
very large doses of ergot, which paralyze the motor nerves, stimulation 
of the sympathetic' or the administration of epinephrin causes relaxa 
tion of the uterus in all eases. The conditions are analogous to thon* 
which hold for certain blood-vessels. 

The action of epinephrin upon the uterus is one of the* most delicate 
tests for the drug (“FranlttTs test") ; a solution containing one part in 
twenty millions is active. 

Bronchial il/ uncles . — The effect, of epinephrin upon the bronchial 
muscles is of special interest, since it, is claimed that, attacks of bron- 
chial asthma in man may he relieved hv it. This suggest* the pre-cnee 
of sympathetic, inhibitory nerves to the bronchial muscles, but attempt- to 
demonstrate their existence have been unsuccessful. Similarly, offorl* 
to demonstrate an action of epinephrin upon Ihe bronchial iimwlis have 
usually failed. Eppinger and Hess, however, believe that epinephrin may, 
through the stimulation of sympathetic inhibitory nerves, counteract the 
contractions of the bronchial muscles caused by increased vagus tout!*. 
Janusehke and Poliak found it to relax the bronchial muscles in muscurin 
asthma and to have some relaxing effect in normal animals. 

Action on the Bye . — The intravenous injection of epinephrin into 
animals causes the same changes in the eye as follow the stimulation of 
the cervical sympathetic nerve, viz., retraction of the nictitating mem- 
brane and of the eyelids, protrusion of the eyeball, ami dilatation of the 
pupil (through stimulation of the dilator muscle). Instillation of epi- 
nephrin into the eye is far more effective in causing dilatation of the 
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pupil if the superior cervical ganglion has been extirpated than it is in 
normal animals (Meltzer and Auer) ; this reaction has been utilized in 
locating the site of injuries to the sympathetic (Cords, 39; Sebileau and 
Lcmaitre, 198). Solutions of epinephrin applied repeatedly to the nor- 
mal human eye cause dilatation of the pupil (Schultz, Wessley). Slight 
lesions of the cornea greatly facilitate the reaction; Cords (40) has used 
the reaction to detect erosions and ulcers of the cornea. 

The pupil is said to be abnormally sensitive in some cases of diabetes 
mcllitUB and of Graves’ disease (Loewi’s reaction). 

Loewi considered this increased sensitiveness of the pupil to epinephrin 
in Graves’ disease to be due to an increased irritability of the sympa- 
thetic nerves caused by the condition of hyperthyroidism. 

The pupil of the frog’s eye (either in siiu or enucleated) dilates upon 
the application of very minute amounts of epinephrin ; Meltzer and Auer 
suggested that this reaction might be used for the detection and estima- 
tion of this substance. The reaction was elaborated by Ehrmann, and 
has been frequently used in the study of various problems connected with 
the suprarenal glands; it has, however, a number of limitations which 
have not always received sufficient consideration at the hands of some 
investigators. 

Meiabolism . — Epinephrin has little effect upon nitrogen metabolism 
except in inanition, when it causes a considerable increase in protein 
metabolism; this effect is attributed by Eppinger, Ealta, and Rudinger 
to a stimulating action upon the thyroid. 

Epinephrin has a marked effect upon carbohydrate metabolism; this 
is thought to result from a stimulation of certain sympathetic nerves. 
The glycosuria is accompanied and caused by a hyperglycemia and by a 
diminution of or disappearance of glycogen from liver and muscle. The 
degree of glycosuria is largely determined by the amount of glycogen in 
the liver, although some excretion of sugar is caused in starving animals. 

Zuelzer, Embdcn, and others have found that, when epinephrin is 
added to blood used in perfusing an excised liver, it causes the latter to 
liberate sugar into the hepatic vein in far greater amounts than when nor- 
mal blood is used. 

The above facts lead to the conclusion that the action of epinephrin 
in producing glycosuria is due to a setting free or mobilization of sugar 
stored as glycogen; the pancreas is believed to inhibit this action. Sev- 
eral recent writers (Underhill and Closson, 210 ; Macleod, 135 ; Frank 
and Isaac, 64) have attributed epinephrin glycosuria to the effect of stim- 
ulation of the sympathetic nerves going to the liver; this would bring 
the action in line with the other effects of epinephrin. 

Epinephrin glycosuria is more pronounced in animals deprived of 
their pancreas; it is not easily produced in Addison’s disease, unless 
glucose is given at the same time (Poliak, 173). 
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It is now generally hold that epinephrin Ini'* an elloel upon tin* k *-ugar 
tonus” similar to that upon tin* vasomotor tonus, ami that this etleei is 
exerted through tin* sympathetic nerves to the liver. 

According to ISppingor, Falla, ami Riidinger, the thvroid has nn in- 
tensifying effect upon tlie action ot epinephrin. 

Functions of the Snprarenals.- It has been conclu-ively shown that 
the snprarenals are glands essential to lite; it has also heen -hown that 
both parts <>i* the gland (tin* adrenal or medullary, and tin* iuterreuul or 
cortical) are important, although it ean not he stated that one i- more 
important than the other. 

Experiments show that the suprarenal glands eontiuuonsls secret c into 
the blood epinephrin, a substance which, a> was shown above, ha- a -tim 
nlutiiig action upon the organs innervated by the sympathetic nervous 
system. The physiological tonicity of these organs is maintained in thi- 
way, and, n normal hlood-pressure, a normal heart rate, etc., are iu-ured. 
The experiments on the extirpation of the glands and on the ;nlmiui-t ra- 
tion of epinephrin show that, their normal functioning i- e— eutiul to the 
maintenance of the normal sugar tonus of the blond, which i- c— .ratio! 
for muscular activity; this effect also is probably everted through the 
sympathetic nervous system. 

Thus, there can he no doubt that an extremely important function of 
the suprarenal glands is the* secretion of epinephrin. Tbi- function i- 
exerted entirely hy the medullary portion of the gland; the -aim* func- 
tion is also performed hy the ehrouiallitu* tissue in other part- of tin* hodv. 
It has heen possible to determine, within rather wide limit-, the amount 
of epinephrin secreted daily in animals ; I>i»*dl calculate- thi- to be about 
0.004:52 gram for a dog of fifteen kilograms; only about one fortieth of 
this amount is found in the blood at any out* lime, -bowing that there is 
a continual production and consumption id’ the substance. The normal 
gland contains from 0. 1 to 0.17 per cent, of epinephrin, or a total of 
about 4.7) mgr. 

Whether tin* suprarenal medulla has functions other than the pro- 
duction of epinephrin has not heen determined. 

l\Iuch less is known as to the function of the suprarenal cortex and 
other parts of the interrenal system. That this system is e— cutiul to Un- 
is shown hy the results of its removal. The fact that it, like the adrenal 
tissue, is found in all classes of vertebrates is an indication of it- im- 
portance, as is the further fact llmt removal of part of it lead- to com- 
pensatory hypertrophy of the remaining parts. 

Many facts indicate that there is some relation belweut the supra* 
renal, especially the cortex, and growth and tin* functions of the -ex 
cells, but the nature of the relation is obscure. Several writers, for « x- 
ample, have stated that the cortex hypertrophies after castration (Schenk, 
195). 
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Marchand described a hypertrophy of the suprarenals with atrophy of 
the ovaries in pseudohermaphroditism. An association between tumors 
of the suprarenals and precocious sexuality has been found (Wooley; 
Glynn; Bullock and Sequeira, 33; Alezais and Peyron, 4) ; the fact that 
this condition occurred with tumors of cortical, but not with those of 
medullary, origin suggests that the former part has some relation to the 
sox organs. On the other hand, it is stated that in Addison’s disease and 
in congenital hypoplasia of the suprarenals there are marked changes in 
the testicles. 

Efforts have been made to obtain further knowledge of the functions 
of the cortex by means of histological and chemical studies. The most 
characteristic feature of the cortex is its content of doubly refracting, 
lipoid substances; among these lecithin and certain esters of cholesterin 
are especially abundant. 

Hunt (9S, 99) isolated cholin from the suprarenals. Later Lohmann 
(128) showed that about nine times as much of this substance could be 
obtained from the cortex as from the medulla. Some investigators have 
attached considerable significance to this discovery of cholin, but it seems 
to have none beyond indicating the presence in the suprarenals of a con- 
siderable amount of lecithin or lecithin-like substances from which cholin 
is easily obtained. 

The hypothesis lias been suggested that one of the functions of the 
suprarenal cortex is to make and secrete lipoids for use in other parts of 
the body (Albrecht and Weltmann, 3) ; there is not much evidence to 
support this suggestion. 

Another theory which lias, in one form or another, long been prom- 
inent is that the suprarenal glands, and especially the cortical portion, 
neutralize various poisons formed either within the body or introduced 
into it from without. On the whole, however, the theory that the cortex 
secretes a hormone having an important effect upon processes of growth 
and development is more plausible; this hypothesis is supported by the 
observation of changes in the cells very suggestive of secretory activity. 


Therapeutic Uses of the Suprarenal Gland and of Epinephrin 

Organotherapeutics — Experimental. — Efforts to overcome the effects 
of the removal of the suprarenals in animals have been made both by the 
administration of the gland or its extracts, and by transplantation. Neither 
has met with much success. In no case was life prolonged for more than 
a few hours after the administration of the gland to animals from whom 
the suprarenals had been removed. Considerable improvement in the 
symptoms (increase of blood-pressure, improved respiration) have fre- 
quently been reported from the subcutaneous or intravenous injection of 
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extracts of the gland, but the results did not differ from tWe observed 
in animals near death from poisons and other causes. 

So far transplantation of the. suprarenal* ha* been successful only 
as a preventive measure; that is, it was possible to prevent tin* charac- 
teristic effects of the removal of the gland* by the previous transplanta- 
tion of a gland. Apparently, when the effects of t lie removal of the* 
glands had become manifest, it. was not possible to delay death l»v the 
transplantation of the glands of other animals. 

Olttt.VNOTII KltAI’KllTK’S IN Si’ I’KAKK.N A l. I )KI«1< *! KN < ' V IX M\N. .1(7- 
disoth's Disease. — Addison’s disease is the only condition in man in which 
a suprarenal insufficiency clearly exists, and most of the interest in tlm 
organothorapeutic. use of the suprarenal center* around it. 

For the use of suprarenal preparations in Addison's disease, see Yul. 
lit, Sec. TV, Chapter V. (See also references 2, 29, *» I, “»2, To, 79, 
108, 204, 228.) 

Other Conditions of Suprarenal Insufficiency* - -Suprarenal gland and 
epinephrin have been administered in a number of condition*' in which 
an insufficiency of the glands had, upon inconclusive evidence, been sup- 
posed to lie present; the results have been iiieoiicliedvc. 

It has been supposed, for example, that a condition of -suprarenal in- 
sufficiency exists in many chronic diseases, especially tuberculosis, and 
the administration of the gland, or of epinephrin, recommended uecord- 
ingly; Roinet has been especially prominent in the advocacy of this form 
of treatment. It has also been recommended in certain forms of neuras- 
thenia associated with low blood-pressure. It has found a more extensive 
use in the cardiovascular exhaustion of acute infect ion* diseases. In this 
condition, however, it is used as are other cardiovascular Ionics, i. c., 
it is used as are other drugs, and not as an orgaimt hern pent ic agent in 
the usual meaning of this term. 

The suprarenal gland, and especially epinephrin, has been used ex- 
tensively in osteomalacia. The views as to the* value of ibis mode of 
treatment (proposed by Rossi) are coutlieting; many report favorable 
results. Novak (151), for example, reports seven eases treated by sub- 
cutaneous injections of 0.5 to 1 e. e. of the one to one thousand .solution; 
three were improved, in two there was a slight diminution of the lit me 
pains at the beginning, and in two there was no effect. Hi* believe- that 
it should he tried in all cases, and states that no had effects have been 
observed, except sometimes slight dizziness and palpitation. 

Attempts to deduce a rational basis for the use of suprarenal in osteo- 
malacia have been made from the following facts: There .seems to be 
an antagonistic (or supplementary) relation between the* ovaries and the 
suprarenals ; the latter hypertrophy when the former are removed or arc 
atrophic, and also in pregnancy when parts of tin* ovary an* physiolog- 
ically quiescent. Christofoletti (37) has advanced the* hypothesis that 
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in osteomalacia there is a hypofunctioning of the chromaffine tissue due 
to a hyperfunctioning of the ovaries. As was pointed out above, however, 
in discussing the relation between the suprarenals and the sex glands, the 
cortex seems to be the part of the former which is chiefly involved, where- 
as, in the treatment of osteomalacia, a product of the medulla (epineph- 
rin) is usually employed. At present the favorable results which seem 
to follow, at least at times, the use of epinephrin in osteomalacia can not 
be satisfactorily explained. 

Certain writers have drawn analogies between the pigmentation, the 
lassitude, and the vomiting of pregnancy, ^nd some of the symptoms of 
Addison’s disease, and have treated some cases of vomiting of pregnancy 
by the administration, per os or subcutaneously, of ten drops of the one 
to one thousand solution of epinephrin; benefit has been reported from 
such treatment. Epinephrin, when injected intravenously, inhibits the 
movements of the stomach; possibly it may do the same in pathological 
conditions from subcutaneous administration. 

Eppinger and K. H. von Noorden (53) found that the severe diar- 
rhea produced in dogs by the feeding or injection of thyroid could be 
checked by the administration of epinephrin. They also report that ex- 
cellent results were obtained in three cases in the diarrhea of Graves' 
disease from clysmata containing thirty drops of the one to one thousand 
solution of epinephrin in three hundred c. c. of water. They believe that 
the diarrhea in this condition is due to a stimulation of the vagus nerves, 
and that this is counteracted by the effect of the epinephrin upon the in- 
hibitory sympathetic nerves. The treatment was successful in the diar- 
rhea of one case of Addison’s disease, and they suggest that it may be 
useful in other forms of nervous diarrhea. 

Other Uses of Suprarenal. — The suprarenal glands and their prepara- 
tions are used more extensively for the control of hemorrhage , and as a 
cardiovascular stimulant , than for any other purpose; solutions of the 
active principle (epinephrin) have largely replaced the crude extracts of 
the glands for this purpose. The use of the drug in these cases does not 
differ from that of other pharmacodynamic agents, and its detailed con- 
sideration does not properly belong in a chapter on organotherapeutics. 
The action of the alkaloid, epinephrin, has, however, certain peculiarities 
which may properly be pointed out in this connection. When applied 
locally it causes an intense constriction of blood-vessels, and this action 
largely prevents its absorption ; hence, when given by the mouth or sub- 
cutaneously, it produces systemic effects only after very large doses. One 
hundred times as much is said to be required to produce an effect when 
given subcutaneously as when given intravenously. Intramuscular in- 
jections are much more efficacious than subcutaneous ones. 

Epinephrin also differs from most alkaloids (Straub, 201) in that 
it does not accumulate in the tissues and that it is quickly destroyed in 
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the body; it exerts its action only during its parage into the ti — uc<, and 
hence its action depends upon the difference in the concentration in the 
tissues and the concentration in the blood, rather than upon It.- ah-oluto 
amount. [Moreover, its effect, does not become less after repented admin- 
istration; the hundredth injection, for example, wu- found in cause as 
groat a rise of blood-pressure as did the tirst and sub-eipieut injec- 
tions. 

The above considerations indicate that the best re.-ulls, when tin* drug 
is used as a cardiovascular stimulant, are to he expected from tin* con- 
tinuous infusion of a weak solution. This conclusion coincides with clin- 
ical experience. Although life has undoubtedly been saved hv intramus- 
cular or intravenous injections of comparatively strong solutions (four 
minims of the one to one thousand solution, for example), the her. I re- 
sults have been obtained by the continuous infusion of a .-elution id’ nun 
to fifty thousand or one hundred thousand in normal saline .-niutimi. 

The use of this drug as a cardiovascular stimulant < (‘rile) has proved 
especially valuable in conditions of atidittc and wsunmtor foihu'r under 
anesthesia (general and spinal), in shook ami acute hemorrhage, and in 
cases of poisoning, as by chloroform and chloral, although very favorable 
results have also been reported in the low blood- pressure of pneumonia and 
other acute infectious diseases, especially of children. In diphtheria i* 
is said to relieve prostration and asthenia, aside from if- effect mi blood 
pressure. [It is valuable in all conditions in which there is va-onmim* 
paralysis. — Editor. J Holiest on ( lNf>) administered it by the mouth in 
ten-minim doses of the one to one thousand solution every two to four 
hours, according to the severity id* the attack. Especial empha d- ha** re 
ccnlly been placed upon its value in peritonitis, Thu* Ileidonhain f SHI) 
anil Ifolzhaeh (1)4) recommend its administration by coutiuuon- iufn-iou 
previous to operation; they state that a high ldood-pres-ur«« tua\ he main- 
tained in this maimer for hours. Ileidonhain conclude- that if, u>< a 
result of the infusion, the blond-pressure is raised, and the c\auo-is and 
coldness of the extremities disappear, an operation i< pcrmU-ihlc ; other 
wise nothing is of avail. Ileidonhain states that the intravmiou- injec- 
tion of the undiluted solution, one to one thousand, is not without dan- 
ger; he considers eight drops (0.f> e. c. ) id’ the one to one thousand .solu- 
tion per liter normal saline solution sufficient. 

Laewen ami Sievers (117) stale that in certain condition- of -top 
page of the heart the injection of 0.2 c. e, of the one to out- thou-aud 
solution directly into the heart is permissible. 

The greatest field of usefulness of epinephrin, however, is a* a fond 
hemostatic. 

It is used, to cheek epistaxis, and also hemorrhages into the rectum 
(as from hemorrhoids), bladder (one hundred e. c. of the out* to ten thou- 
sand solution, for example), uterus, etc., and to relieve congestion of tin* 
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conjunctiva and of the mucous membranes of the nose (as in rhinitis and 
hay fever), and of other organs. 

It has been used in post-partum hemorrhage ; it not only constricts the 
blood-vessels, but causes a contraction of the muscle fibers of the uterus. 

It may be applied in solutions of from one to one thousand, to one to 
twenty thousand, either directly or on cotton, or as a spray, or in oint- 
ments ; cavities, such as those of the nose and uterus, may be packed with 
gauze wet with a solution one to five thousand or one to ten thousand. 

It has also been administered by the mouth (ten to twenty drops of 
the one to one thousand solution) and also subcutaneously, in gastric 
and intestinal hemorrhages (as in typhoid fever), although some report 
but little benefit from such use (Jacobson, 105). 

Epineplirin has been extensively used to enhance the action of local 
anesthetics, such as cocain, novocain, etc. It exerts this action not only 
by delaying the absorption of the anesthetic (by which the danger of 
systemic intoxication is also lessened), but, in the case of some of the 
drugs of this class, it seems to have a direct effect upon the action of 
the anesthetic itself (Esch, 55). On the other hand, it is stated (Froh- 
licli and Loewi, 09) that cocain increases the sensitiveness of various 
organs (blood-vessels, urinary bladder, eye) to epinephrin (and to direct 
stimulation of the sympathetic nerves), so that a weaker solution of epi- 
nephrin suffices to cause constriction of vessels when combined with co- 
cain. Such combinations of epinephrin and eocain are useful, not only 
in cases of operation, but in examinations. 

A few drops of epinephrin solution, one to one thousand, are fre- 
quently added to Sehleieli’s solutions for local anesthesia; it is also used 
in connection wilh the induction of spinal anesthesia. 

Epinephrin has been much used to relieve the attacks of bronchial 
asthma; it is applied locally as a spray (epinephrin one part, water seven 
hundred and fifty parts, glycerin two hundred and fifty parts (Zuelzer, 
SaO) ; aqueous solution, one to one thousand, to one to four thousand), or 
as an ointment (thirty to sixty drops of the one to one thousand solution 
in acleps lanna > hydros us and petrolatum , one dram each), by subcutane- 
ous injection or by rectal suppository (Matthews, 141). 

Clinicians hold widely divergent views as to the value of epinephrin 
in pulmonary hemorrhage ; some consider it of much value, whereas others 
consider it contraindicated (229). Attention was called to the fact that 
experiments on animals showed that epinephrin has little if any constrict- 
ing action upon the pulmonary vessels. Wiggers (227) found that the 
outflow from the pulmonary vessels was decidedly increased by epineph- 
rin; he considers this due to the distention of these vessels by the aug- 
mented contraction of the right ventricle. 

The blood-vessels of the kidneys and of the intestines are said to be 
especially sensitive to epinephrin; Wiggers found renal (228) and, un- 
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der certain conditions, intestinal hemorrhages (~dt») to lie quickly checked 
by the intravenous or intramuscular injection oi the drug. 

It is stated that it has been used with marked success in hemophilia 
(Lange, 119). 


Preparation ani> Dosaok 

These subjects have been discussed above; a tew further points mav 
be considered. 

The dried powder ((flanduliv supvarmah'.s siren* P. S. P. ) is used 
chiefly for oral administration; the average dose is lour grains. Uefon* 
the isolation of epinephrin the dried gluml was used for the preparation 
of extracts. Such extracts are efficient, ami are far less expensive than 
the commercial solutions. Among the drawbacks to their use, however, 
is the fact that they make excellent culture media for bacteria, and it 
is said that tampons wet with such solutions readily cause infection when 
left in the nose and other cavities. It. has also been shown recently that 
the commercial preparations of the dry gland vary greatly in activity; 
Hale and Seidell (K2) found some samples to Ik* seven times as active 
as others. 

At present the drug is employed almost exclusively in the form of 
solutions of one of the salts, usually the eldorid, of epinephrin. The so- 
lutions on the market are usually one to one thousand in normal saline 
solution; they usually contain a preservative. They deteriorate rather 
rapidly on exposure to air and light, becoming first reddish and then 
brown; slightly reddish solutions may be used, but the brown ouch .should 
not be used. Many of the commercial solutions as found on the market 
vary greatly in strength (Schultz, 197) ; this may lu* due to deterioration 
through age, or the solutions may not have been made of proper strength 
originally. They should he physiologically standardized, unless a very 
pure preparation of tlu* active principle is used. 

The active principle is known by a great variety of names: adrenalin, 
adrenin, adnephrin, adrin, suprarenalin, supraeupsulin, bemisin, stipra- 
renin (both natural and synthetic), epireuan, etc. Mont of these names 
are proprietary. It. seems better to use I hi* word epinephrin, proposed 
by Abel, to designate the active, principle; the English use the similarly 
unprotected name adrenin. 


Untoward Effects 

Considering the extent to which the drug is used, accidents arc very 
rare. A few deaths have been reported from the* injection of the one to 
one thousand solution into veins or into the* uterus (liraim; Heidenhain, 
90). One milligram injected into a vein has caused alarming symp- 
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toms ; 0.3 mg. applied to the uterus has caused collapse for one-half hour 
(Muller). 

The intravenous injection of epinephrin is contraindicated in organic 
heart lesions, nephritis, and arteriosclerosis (Kauert, 106). 

A number of cases of necrosis and gangrene of the skin have been 
reported following the subcutanous injection; these occurred for the most 
part in the aged. Necrosis of the jaw has also been reported. 

Severe hemorrhage following its local application has been described; 
this was attributed to the use of too strong solutions, which constricted 
larger vessels, so that the surgeon neglected to tie them. 

Its repeated administration to animals causes necrotic changes in the 
arteries ; very large doses cause fatal pulmonary edema. 

THE HYPOPHYSIS 

It is only within very recent years that knowledge of the functions 
of the hypophysis and of its derangements has approached a point where 
it is possible to speak of a rational organotherapeutics in connection with 
this gland. Our knowledge of conditions of deficient functioning of the 
hypophysis, in which alone a true organotherapeutics would be indicated, 
is still very imperfect, and the gland has not been used extensively in 
these. On the other hand, recent studies have shown that a part of the 
hypophysis contains a substance which, like epinephrin, has marked phar- 
macodynamic effects, and which promises to be of therapeutic value, not 
as an organotherapeutic agent, but in the way that epinephrin and other 
drugs are of value. 

Functions of the Hypophysis. — The hypophysis consists of two prin- 
cipal parts. The larger, anterior lobe, or the epithelial or glandular part 
(the glandula pituilaria proper), is, according to most investigators, of 
ectodermal origin, arising from the epithelium of the roof of the mouth. 
The smaller, posterior, or infundibular lobe (the pars nervosa , neuro- 
hypophysis, or hypophysis proper) arises as an outgrowth of the floor of 
the third ventricle, and consists largely of neuroglia. Between these 
lobes, and extending over and into the posterior lobe, is the pars inter- 
media, consisting of epithelial cells and neuroglia and containing colloid. 
The infundibulum connects the posterior lobe with the third ventricle. 

The most important steps in the , development of the knowledge of 
the functions of the hypophysis were the following: The observation of 
Hogowitsch (1889) that extirpation of the thyroid leads to a hypertrophy 
of the hypophysis; the discovery of Marie (1889) of an association be- 
tween acromegaly and anatomical changes in the hypophysis; the dis- 
covery of Oliver and Schafer (1895) that extracts of the gland have 
marked effects upon the blood-pressure and heart, and the later discovery 
of Howell (1898) that these effects are due to substances contained in 
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the posterior lobe; the discovery of Frdhlieh ( 10*11) of a relation between 
the hypophysis and the condition known ns (fi/xfrnpfiia (ttfi/ioxntponfnhs ; 
the demonstration (by sevc*rnl investigators, but especially by Puulc-co, 
1907, and Gushing, 1909) that the total extirpation of tin* gland is rap- 
idly followed 1>V death, whereas the partial extirpation i-, followed by 
very characteristic, effects upon growth and development, and the -Indies 
of Gushing and eo workers, and of others, upon the relation of the hypo 
pliysis to carbohydrate metabolism ( 1911). 

A more detailed study of some of these investigations will serve to 
show the present state of knowledge of the function of thi- gland, and 
the conditions in which it or its extracts may be expeeted to be of thera- 
peutic value. 

Effects of Hyperactivity of the Hypophysis.- For -nine time after 
the discovery of a relation between acromegaly and the hypophy-ih there 
was much discussion as to whether the disease was due to a condition 
of hyperactivity (as suggested by Woods- Hutchinson in Ixjijj, or of 
hypoactivity of the gland. It is now recognized that the former is the 
case, at least, in the early stages of the disease. The primary pathological 
condition in acromegaly is usually one of simple hyperplasia of the an- 
terior lobe; it frequently show’s indications of malignancy. At the same 
time there seems to be at least a functional involvement of the posterior 
lobe. In late stages there may he an extensive degeneration of the gland; 
this has an important bearing upon the therapeutic use of tin- gland in 
acromegaly. The marked and almost immediate amelioration which often 
follow'd the removal of part of the hypophysis in aeromegaly afford- proof 
that the condition is one of hyperpituitarism. 

Two sets of symptoms are caused by hypertrophy of the hypophy-i- : 
(T) those which are due to the specific hyperactivity of th«* gland, and 
(2) those produced by the pressure of a tumor in tin's region. The -pe- 
cific effects of hyperaet ivily, which may throw some light upon the nor 
nml function of the gland, are marked and characteristic change- in de- 
features and in the extremities, dm* partly to the growth of tin* -oft d- 
sues, partly to an enlargement of parts of the hi men id’ the head, f*et, 
and hands. 

Keith (107) has recently studied in detail the change* in the -hull 
in acromegaly, and the manner in which they are induced. He comdudr- 
tliat an internal secretion of the hypophysis sensitizes tissues, -o that they 
respond to the natural stimuli of growth {mechanical activity and mus- 
cular movement) with increased energy. Tin* enlargement of the extrem- 
ities is due largely to connective tissue growth. 

Among other symptoms of acromegaly are lassitude, muscle pains, 
apathy, and disturbances in sexual activity; there is usually amenorrhea 
in women and frequently impotence in men. Vasomotor changes in the 
skin are frequent Polyuria, with or without glycosuria, is common. 
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Borcharrlt (30) found glycosuria in 40.3 per cent, of 176 cases. In later 
stages, where the hyperactivity of the gland is being replaced by hypoac- 
tivity, there is, according to Goetsch, Cushing, and Jacobson (75), not 
only no glycosuria, but an increased tolerance for carbohydrates; these 
authors consider both the glycosuria (lowered carbohydrate assimilation) 
and the subsequent increased carbohydrate tolerance to be due to hyper- 
and hypoactivity, respectively, of the posterior lobe. 

Thus, studies of acromegaly show that there is a close relation between 
the hypophysis and growth, especially of connective tissue, cartilage, and 
bone, and also between this gland and carbohydrate metabolism and the 
activity of the sex glands. 

The relation between the hypophysis and growth has been further 
emphasized by studies on gigantism; in this condition also hyperplastic 
conditions of the hypophysis are almost invariably found. In many of 
these cases, however, other glands of internal secretion are so greatly in- 
volved that it is impossible to determine whether the changes in ,the hypo- 
physis are primary or secondary. The other glands chiefly involved are 
the sex glands, which are markedly atrophic, and the thyroid. 

It is interesting to note in this connection that favorable results in 
precocious gigantism have been reported from the administration of ovary 
(Maisonave; Hudovcrnig and Popeviez, 96), and that the changes in 
the hypophysis in animals which follow castration may be partially pre- 
vented by the injection of testicular extracts (Fichera, 58). 

In certain cases of dwarfism, on the other hand, the anterior lobe of 
the hypojjhysis is said to be destroyed (Aschner, 9). 

A condition of hyperpituitarism is believed to exist, as has already 
been indicated, after castration (which leads to an enlargement of the 
hypophysis), and also during pregnancy, when some of the functions of 
the ovaries are in abeyance. There are not only characteristic changes in 
the hypophysis during pregnancy (Marek; Mayer, 142) (as indicated by 
a constant and marked increase in size and by very definite histological 
changes), but certain general symptoms of pregnancy (enlargement of 
the hands, changes in the facies suggestive of acromegaly) are considered 
to be due to the hyperpituitarism. 

Removal of the thyroid also leads to hypertrophy of the hypophysis. 
The latter is also found in many cases of hypothyroidism in man ; symp- 
toms referable to the hypophysis have been reported after thyroidectomies. 

Hypopituitarism. — The condition of hypopituitarism is of more in- 
terest in connection with the organotherapeutic use of the hypophysis. 
This condition is known both clinically and experimentally. 

Clinically, a condition of hypopituitarism is known in the disease 
dystrophia adiposogenitalis , first described by Frohlich (70) in 1901. In 
this condition there are usually symptoms of a hypophyseal tumor com- 
bined with obesity, a hypoplastic condition of the sex glands, and re- 
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tardocl growth or infantilism. Some of those symptoms, notably tin* 
obesity, occur also in tin* later stages of acromegaly. 

The view that this condition is really due to a primary involvement 
(hypofunctioning) of the hypophysis is largely bused upon recent oxperi 
ments on animals, in which the hypophysis was partially removed. ( Vo we, 
Cushing and Homans (44, 45) found in such experiments adiposity, 
polyuria, and transitory glycosuria, loss of hair, subnormal Icmperature, 
diminution of sexual activity, and atrophy of the testicles ami ovaries; 
there was a reversion to the infantile type. Histological changes were 
apparent in the thyroid. These results have been continued by Utcdl 
( u 33), Aschner (S), Li von (134), and others. When operations wore per- 
formed upon young animals there was a marked retardation of growth 
and a retention of infantile characters. It. is not po.*s-ilde to determine 
at present whether some of these effects are primary or are secondary to 
the changes in the sex glands. 

Aschner found that, dogs recovering from a (partial) hypophyseelnmv 
showed a diminished glycosuria miction to opiuephrin, and an iuereu.-e 
in carbohydrate tolerance. 

Cushing and his eoworkers al lirM believed that the above results 
were due to removal of pari of the anterior lobe; iin\v (75) the\ believe 
that some of them (the adiposity and increased earhohydrate tolerance) 
are chiefly due to removal or injury of the posterior lobe. They believe 
that there are many eases of hypopituitarism in tuan, due |o ob-iruetive 
agencies (tumors or hydrocephalus), the existence of which may he dis- 
covered by a determination of earhohydrate tolerance. 

Several eases have been reported in which tin* ad mi nKl ration of ex- 
tracts of the hypophysis has caused improvement in the condition of 
dystrophia adiposoyai Units — thus affording additional evidence that this 
condition is one of hypopituitarism. 

In this connection reference may also be made to the effects of the 
total extirpation of the hypophysis in animals. Although a number of 
earlier investigators had succeeded in removing the hypophysis and had 
described the symptoms following such an operation, the most convincing 
experiments are those of Paulesco and other recent investigators (11, 
1(1(1, 181). These show that animals deprived of their hypophyses live 
but a short time (one to three or four days), dying without any ver\ 
definite symptoms heyoiid a fall of temperature, tremors, .slowed respira- 
tion, and a condition of lethargy and coma; before death the temperature 
may fall to 20° U. or lower. Young animals survive the operation for 
longer periods (ten days to three weeks). 

Destruction of the anterior lobe alone, or of the cortical substance of 
this lobe, or frequently section of the infundibulum, similarly led to 
death within a very short time. After removal of the posterior lobe, on 
the other hand, the animals lived for months or years; there was at first 
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a lowered tolerance for carbohydrates, or temporary glycosuria, followed 
by a marked increase in the carbohydrate tolerance. 

These experiments showed that the anterior lobe of the hypophysis 
is a structure essential to life, although they throw but little light on the 
nature of the action of the gland. 

Cushing was able to prolong the lives of animals after total hypo- 
physectomy by the transplantation of the anterior lobe or by the injection 
of extracts of it, and likewise to tide over periods of threatened cachexia 
hypophyseopriva in animals retaining anterior lobe fragments which 
might be physiologically insufficient. 

Physiological Effects of Extracts of the Hypophysis. — It was stated 
above that Cushing was able to prolong the life of animals deprived of 
their hypophyses by the injection of extracts of the anterior lobes. He 
found a rise of temperature of 2 to 4° C. in such animals after the in- 
jection of the extracts. Administered or injected into normal animals 
such extracts seem to have no specific effects. Feeding of the anterior 
lobe seems to cause slightly increased growth in young animals. Exner 
(56) reported increased growth from the transplantation of hypophyses 
into young rats; the glands were absorbed. 

Oliver and Schafer found extracts of the entire gland to have pro- 
nounced effects upon the blood-pressure. Howell (95) stated that these 
effects were due entirely to the posterior lobe. Schafer and Herring, and 
Herring, and Cushing and Goetsch have found that the active principle 
seems to be formed in the pars intermedia , from which it passes through 
the posterior lobe and the infundibulum into the third ventricle. There 
is evidence that the secretion of the posterior lobe is increased after 
thyroidectomy. 

The most marked physiological action of extracts of the posterior lobe 
is to cause a constriction of smooth muscle and the production of diuresis ; 
it is not certain that the latter is not also due in reality to an action on 
the smooth muscle of the blood-vessels. These extracts also have marked 
effects upon carbohydrate metabolism. The constriction of the arteries 
following the administration of such extracts leads to a marked, and, as 
compared with the effect of epinephrin, long-continued, rise of blood-pres- 
sure. The extracts also cause dilatation of the frog’s pupil, strong con- 
tractions of the uterus, and glycosuria, or lowered carbohydrate tolerance. 
There is thus a resemblance between the effects of extracts of the pituitary 
and of epinephrin ; this is, however, only superficial. The effect of epi- 
nephrin upon organs containing smooth muscle is always the same as 
that of the stimulation of the sympathetic nerves supplying these organs ; 
when the sympathetic causes inhibition instead of contraction, epinephrin 
does the same. The effects of pituitary extracts are entirely independent 
of the sympathetic nerves; they are exerted directly upon the muscle 
cells (Dale, 47). Hence, the effects of the two drugs are in many in- 
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stances different. Thus, the pituitary catws marked emnd riel ion of tlie 
coronary and puliuoiuiry vessels; epinophrin ha- hut little ctlcrt upon 
these. Pituitary always causes marked eoutraet ion nl the uterus whether 
this is pregnant or at rest ; the effect of epinephrin depends upon the 
sympathetic* innervation, and so, under some ei remittance-, eau.-e* a re- 
laxation. Kpinephriii stimulates the endings oi the syiupat hel ie nerves 
of the heart, causing an acceleration and augmentation of the heart heat ; 
pituitary extract, causes a slowing and at first a strengthening of the heat, 
but this soon gives place to a weakening. The latter effect is probably 
due in part, to the constrict ion of tlu* eoronarjes; this is antagonized in 
the intact animal by the rise* of blood-pressure, so that the secondary 
weakening of the heat, is not usually observed. 

Howell made tin* interesting observation that a second injection with 
in one-half to one hour does not cause a second rise o{ blood- pre--m re ; it 
may cause a fall. Later a rise is again observed: this observation i- of 
importance in connection with the therapeutic use of the extract. 

v. Franlcl-l loch wart, and Frohlich cMf») found an ineivn-ed irritabil 
ity of the autonomic motor nerves of the bladder *o iaradic 'stimulation. 
Similarly, the irritability c»T the hypogastric nerves to the uferu- was 
much increased. These effects were produced only bv the lir-t injection 
of the extract. 

[Magnus and Schafer and Nehiifer ami Herring found that the in- 
travenous, subcutaneous, or iutraperitoncnl injection of extracts of the 
posterior lobe caused marked and long-continued diuresis and dilatation 
of the kidneys. Administration by the mouth also increased the amount 
of urine secreted, both in animals and in man (ltltf). Nehiifer found 
that stimulation of the hypophysis by injury caused marked pnlxurtn in 
dogs, die believed that the polyuria often occurring in acromegaly is due 
to an involvement, of the posterior lobe. 

There has been considerable discussion as to whether the diure-ds is 
dm* to a direct nct.ion upon the cells of the kidney, or i- brought about 
indirectly through changes in tin* circulation. 

Ott and Scott (1(H) and Schafer and Mackenzie (HU) found ex- 
tracts of tlie posterior lobe to markedly increase the secretion of milk. 

Goetsch, Oushing, and Jacobson found that the injection of extracts 
of the posterior lolu* caused a lowering of tin* tolerance for carbohydrates: 
this effect was especially marked in animals, in which the carbohydrate 
tolerance had been increased by the previous extirpation of the posterior 
lobe. 

-Repeated daily injections of extracts of the hypophysis are very 
deleterious, leading to rapid emaciation and to tissue change*, especially 
in the liver; these effects are chiefly due to the posterior lolu*. 

]M airet and Hose, Parisot, and Doiillo found that malaise, Might eleva- 
tion of temperature, slowing of the heart, rise of blood-pressure, and 
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diuresis followed the administration of the entire gland by mouth or in- 
jection. Harvey (87) found sclerotic changes in the coronaries after 
repeated injections of pituitary extracts. 

The active principle or principles of the hypophysis have not been 
isolated, and little is known as to their chemistry. They are dialyzable, 
are not destroyed by boiling, and are not soluble in alcohol and ether; 
they resist peptic but not tryptic digestion. They do not give the color 
reactions characteristic of epineplirin, although they seem to give cer- 
tain decomposition products analogous to those of this compound. The 
pressor principle is excreted, to some extent at least, unchanged in the 
urine. 

The commercial preparation “pituitrin” is an extract of the posterior 
lobe : one c. c. corresponds to 0.1 gram of the fresh, or to 0.01 gram of 
the dried, gland. 

Summary. — Tlie above observations and experiments show that the 
anterior lobe of the hypophysis is a structure essential to life, the re- 
moval of which leads in a short time to death, the partial removal or 
disease of which leads to a condition of retarded growth or infantilism, 
to obesity, to atrophy of the sex glands, and other disturbances of nutri- 
tion. The hyperactivity of the anterior lobe (in acromegaly and gigan- 
tism) leads' to accelerated and abnormal growth, and also to atrophy of 
the sex glands. It is believed to, produce an internal secretion passing 
directly into the blood. Nothing is known as to the nature of the action 
of this part of the hypophysis; why the gland is so immediately neces- 
sary to life is especially obscure. 

The posterior lobe and pars intermedia contain a substance or sub- 
stances having marked effects upon plain muscle, especially that of the 
blood vessels, upon the kidney, and upon carbohydrate metabolism ; while 
it thus has important pharmacodynamic actions, its role in the normal 
animal is obscure. 

Especially marked are the relations between the hypophysis and cer- 
tain other organs of internal secretion, tlie sex glands, the thyroid, and 
perhaps the suprarenals. 

Therapeutic Uses of the Hypophysis 

Organotherapeutics. — The earliest attempts to use the hypophysis in 
organotherapeutics were in connection with acromegaly. The results were 
very variable; many physicians obtained negative results, several reported 
distinctly favorable results, while a few reported injurious effects. A 
case described by Osborne (156) may be cited as an example of the fa- 
vorable results sometimes obtained: Under treatment with hypophysis 
(six to twelve grains daily), the headache, which had been continuous for 
two years, was rarely present, appetite improved, muscular weakness and 
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nervous restlessness disappeared, and lh< 1 patient was aide to d»> her umuiI 
work, whieh she was not aide to dt> bo lore the use ot the pituitary suh- 
stanec. The hyper tro]diy of the soft parts of the lace, hands and feet 
greatly (limiiiislied. On stopping the treatment tin* headache- and mus- 
cular weakness again developed, and the taee and hands very uotieeahlv 
increased in size. Similarly' iavorahle re.-adts wen* reported by Knh 
(116) in two of three eases, and b t v a number ot other writers { 10). 

Tlio reeent work of Cushing and his eoworkers suggest > that it may 
be possible to determine when then* is a change from h.vperaet ivily to 
hy])oactivity, at least as far as the posterior lobe is eonoonied : hyper- 
activity is accompanied by diminished carbohydrate tolerance or by gly- 
cosuria, whereas in liypoaetivity there is an increased tolerance for carbo- 
hydrates. Hence, the administration of hypophysis in a ease* showing 
glycosuria or diminished carbohydrate tolerance would seem to he contra- 
indicated. Goetsch, Cushing, and Jacobson suggest that it may he* pos- 
sible not only to deiinc* more accurately the eases of hypopituitarism in 
which hypophysis medication is indicated, hut to obtain some* conception 
of the desirable dose by a determination of carbohydrate tolerance. To 
illustrate, the latter point- they cite a ease of hypopituitarism in which 
the tolerance for Icvulose was 150 grains; they estimated that the nor- 
mal tolerance for a person of the patient’s weight would he about 1:20 
grams. The latter amount of sugar was given each day with gradually 
increasing doses of hypophysis. When the dost* of the latter win incrca.H*d 
to six grains (whole gland) three times a day, sugar appeared in the 
urine; they considered this to he the therapeutic dose in this cum*, as it 
was just sufficient, to restore the normal limit for sugar. 

In addition to acromegaly, hypophysis has been administered to a 
number of cases of dystrophia adi yosnyrn i tali* (Delille, -lb). In some 
cases improvement, as indicated by diminution of the adiposity and stim- 
ulation of the sex glands, was noted; in many eases, however, the results 
were negative. 

The administration of hypophysis has also boon followed bv improve- 
ment in eases of hypophyseal tumor, tin* symptoms of which could not be 
definitely classified, and in certain eases of obesity ( Delille). 

Cushing believes that there are many eases of liypoaetivity of the 
pituitary, very often overlooked, in which the administration of hypo- 
physis is indicated. lie believes that an internal hydrocephalus, of what- 
ever origin, is the most common source of moderate 1 grades of t hi- condi- 
tion; a beginning adiposity and increased carbohydrate* tolerance are very 
suggestive symptoms. 

Therapeutic Uses of Extracts of the Posterior Lobe (I’ifnitrht).-- Ex- 
tracts of the posterior lobe are used chiefly for their effects upon plain 
muscle, especially that of the uterus and blood vessels. The nature of 
this action has already been discussed. 
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Many recent writers (1, 60, 76, 203) have reported very favorable 
results from the use of such extracts in uterine atony , and in post-partum 
and other forms of uterine hemorrhage ; several claim that it has distinct 
advantages over ergot in these cases. Fogcs and Hofstatter and Hof- 
bauer lay especial emphasis upon the increased irritability of the uterus 
(sensitizing action of Pranld-Hochwart and Erohlich) ; slight stimuli 
cause a long-continued contraction. Bab (11) suggests that its effects on 
uterine hemorrhage may be due in part to its causing a diminution of the 
activity of the ovaries; the same idea has led him to employ it in cases 
of osteomalacia with, he states, much improvement in several cases. 

Several writers have advocated the use of pituitary extracts to increase 
the blood pressure in shock and various infectious diseases (pneumonia, 
diphtheria, typhoid, etc.), claiming that it has the advantage over epi- 
nephrin of a much more lasting effect (Mummery and Symes, 148 ; Mum- 
mery; Williams 230; Klotz, 110). Wray (233) stated that in post- 
operative shock the improvement in the circulation may last twelve to 
fifteen hours after the intramuscular injection of one c. c. of the twenty 
per cent, solution of the posterior lobe. 

Wiggers (229) considers that it is the only drug which meets the in- 
dications for a hemostatic in pulmonary hemorrhage, since it raises the 
blood pressure from peripheral action (which constricts the bleeding 
points and at the same time prevents anemia of the brain), and causes a 
weakening of the heart, which prevents a rise of pressure in the pulmonary 
vessels. 

Bell (19) recommended it in intestinal paresis after abdominal oper- 
ations ; he states that it acts more powerfully on the paretic than on the 
normal intestine. 

Klotz considers it especially valuable in peritonitis, where it not only 
increases the blood pressure, but stimulates peristalsis. 

The vasoconstriction is not very marked when applied locally, but 
it has been recommended in hay fever. 

. Pal (162) reported excellent results from the use of the extract in 
a case of severe tetany in a boy. 

The drug has been injected subcutaneously or intramuscularly in doses 
of one to three c. c. of the aqueous extract, one c. c. corresponding to 0.1 
or 0.2 gram of the fresh gland (posterior lobe), or intravenously in doses 
of one to two c. c. diluted with twenty c. c. normal saline solution. There 
is stated to be some danger of local necrosis when injections of strong 
solutions are made subcutaneously. It has also been given by the mouth 
in doses corresponding to 0.2 gram to 0.8 gram of the fresh gland, or 
one to three grains of the dried gland (posterior lobe). 

The drug is contraindicated in conditions of high blood pressure. 

Although untoward results from its medicinal use do not seem tc 
■ have been reported, it should be remembered that Harvey has produced 
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sclerotic changes in the coronary ve^elh ot animals; t’rowe ha?* sn-n loss 
of weight and marked changes in the liver from repeated inject ien> ; 
Thaon (207) reports pathological changes in the kidney after prolonged 
use of large doses, ami Eranchini (011) has observed intestinal ulceration 
and hemorrhage. 


PANCREAS 

The use of the pancreas or of preparations of it as an urganothera- 
poutie agent, has met with little or no success, although there is conclusive 
evidence that this gland produces an internal secretion of vital impor- 
tance, the disturbances of which play an important part in diabetes mel- 
litns. It is unnecessary to review in thi.-* place the evidence for the ex- 
istence of such an internal secretion and the reasons for believing it. to 
be formed in the Islands of Langerlmns, nor to discuss the various hy- 
potheses as to how it acts. 

Administration of Pancreas Preparations by the Mouth. - Some of the 
earliest attempts to treat diabetes mellitus organotherapcutieally were 
by the administration of the pancreas by the mouth; it was early largely 
abandoned, for the results were practically negative. Mackenzie ( 1JM), 
Wood (2«‘l2), White (225), and de (Vronville ( 1»S) are among those who 
have published reports on this subject; some of these also reported ex- 
periments on the injection of extracts subcutaneously. 

A few writers ( W, II) have 1 reported favorable results. Some of 
these reports contain only impressions; in others the glycosuria seemed 
dependent upon an infection, and varied so much in never ily that it is 
difficult to determine what, if any, effect, the treatment had. In Cnwlo-d 
case the diabetes had followed an abscess of tin* pancreas; marked and 
rapid improvement is staled to have followed flu* eating of one to *dx 
(average three) raw pancreases of calves daily; after discontinuing the 
treatment the patient became rapidly worse and died. 

Ronnie and Fraser (182) administered the Islands of Langorhans 
obtained from fish of certain species in which they occur separately, i. «*., 
distinct from the pancreas proper, to a number of diabetics; the results 
were inconclusive. 

Sewall (100) found in the earlier stages of a case of youthful diabetes 
that the urine could he made free of sugar by the administration by mouth 
of infusions of raw, lean beef followed after some hours by otic of pan- 
creas ; neither alone was efficacious, and after some months the combined 
treatment failed. The method was ineffective in a number of other ease:-. 
No good results attended the use of the commercial pancreatic powder. 

Observations on the effect, of administering pancreas m experimental 
• pancreatic diabetes of animals also afford little ground for hope (Rosen- 
berg, 187). In fact, the administration of the gland to dogs deprived 
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of their pancreas has frequently aggravated the glycosuria. Sandmeyer 
(192), for example, found the sugar increased three to four-fold in such 
experiments. PfLiiger (1G9) obtained similar results. 

Somewhat more encouraging results were obtained by Pratt and 
Spooner (177), who studied the effect of feeding fresh pancreas to a dog 
with lowered limit of assimilation for glucose; the lowered assimilation 
limit was secured by producing atrophy of the pancreas by ligating the 
ducts and separating the pancreas from the duodenum. There was, how- 
ever, no glycosuria. The assimilation limit rose rapidly and steadily 
during the administration of two or three raw pancreases per day; it was 
increased by more than one hundred per cent. There was a gain of 
weight. Six weeks after the last pancreas had been given the assimila- 
tion limit was greater than that in any normal dog studied ; the authors 
state that it would be futile to speculate on the cause of this increase 
until more experimental data have been accumulated. Pratt stated that 
the feeding of fresh pancreas or of pancreatic preparations does not dim- 
inish the glycosuria in ordinary diabetes, and Pratt and Spooner (178) 
reported a case of undoubted pancreatic diabetes in ‘man in which the 
daily administration of a large amount of raw pancreas for a month had 
no effect on the glycosuria. 

There is, however,, according to Falta (57), a small group of cases 
of human diabetes in which the administration of pancreas by the mouth 
gives good results; this is the result of supplying the external and not 
the internal secretion of the gland. Ealta refers to those cases in which 
the pancreas is diseased, so that there is no longer an adequate secretion 
of pancreatic juice into the intestine; this occurs most frequently when 
lithiasis causes complete obstruction of the pancreatic duct. In such 
cases Ealta states that the administration of large doses (ten grams daily) 
of pancreatin gives excellent results; calcium carbonate is given at the 
same time. 

Subcutaneous and Intravenous Injections of Pancreas Preparations; 
Transplantation. — A number of attempts have been made to treat diabetes 
by subcutaneous and intraperitoneal injections of extracts of pancreas. 
The favorable results reported in some of the earlier of these were shown 
by Pfiliger (1G8) to be wholly inconclusive. The more recent attempt 
of Zuelzer (285) to treat the disease by the intravenous injection of a 
“pancreas hormone” was shown by von Eiirth and Schwarz (21G) to be 
based upon a very unsatisfactory theory, and by Eorsclibaeli (Gl) to be 
apparently accompanied by danger. 

Similarly, all attempts to check diabetes in animals by the injection 
of extracts of the pancreas have resulted in failure. 

The transfusion of blood from a normal into a diabetic animal has 
resulted in a diminution of the glycosuria of the latter only under the 
most exceptional circumstances; it is doubtful if it has ever succeeded 
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except in some. experiments ol Iledon. 1 1 cm It m (>SS) has recently found 
that when the proevsttus ttneinuiutt of the pancreas <d a normal «Io*; was 
perfused by the splenic vessels ol a diabetic dog, the urine ol the latter 
became free of sugar; there was, however, but a slight diminution ol Iho 
sugar in the blood. The fact that the* latter did not increase indicates 
that there was a diminished formation or an increased destruction of 
sugar. No effect was obtained when the pancreas was perfused I nun the 
carotid of the diabolic dog; i! seemed t*» be necessary lor the blond, to he 
effective, to puss from tlu* pancreas directly to tin liver through the por- 
tal circulation. Iledon also found a diminution ol sugar in the urine 
when blood from a normal dog was injected directly into a vein nj the 
mesentery; there was no effect when it was injected into llie general cir- 
culation. These seem to lie* the lirst cast's in which the internal -eereiiou 
of the pancreas has been shown to have any effect upon experimental dia- 
betes; they were, however, obtained under conditions so far removed 
from anything which could he attained in human diabetes that they make 
the successful treatment of the latter bv the internal secretion of the 
pancreas seem more problematical than ever. 

As a consequence of these various negative results the sngne-lhm has 
been offered that, the internal secretion of the pancreas pas^en into the 
blood as rapidly as it is binned, in somewhat the same manner as the 
urea formed in the liver is secreted at once into (he blood; so that there 
is no accumulation of the* internal secretion in the gland available for 
therapeutic purposes. The rapidity with which glycosuria appears in 
animals after removal of the pancreas (Mg to 5 hours) t llierry and 
Gatin-Gnizewska, 25) would seem to indicate that there is not very much 
of the internal secretion in the blond at any one lime, and also that it is 
immediately necessary for normal carbohydrate metabolism. Another 
suggestion to account for the failure of organotherapy is that the internal 
secretion is not. secreted in a tinished form, but that it must he actuated 
in some manner by some other organ, and that it has hitherto been im 
possible to accomplish this, and also that, it is a very unstable body, easily 
destroyed by the manipulation of the gland. 

Transplantation experiments in the lower animals nUo offer no pros- 
pect of successful treatment of diabetes by this means. 

Transplantation . — The transplantation of the pancreas from one mam- 
mal into another, even of the. same species, usually results fatally in a 
day or two (v. Bergmann, 213; Unlock e, SO), the fatal rcMtlt being duo 
to the liberation of trypsin. 

Pff tiger’s (1G8) attempts to check pancreatic diabetes in frogs, hv the 
transplantation of the pancreas of a normal frog, were entirely unsuc- 
cessful, as were also Uedon’s experiments on dogs. 

The “successful transplant at ion” experiments in animals have been 
preventive, and not curative, and in most eases part, of the animal's own 
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(normal) pancreas was transplanted. The exact mechanism of this pre- 
ventive action has been much discussed (Lombroso, 129). In those cases 
in which the transplantation was successful two operations were per- 
formed : part of the pancreas, with its mesentery, vessels, and nerves, 
was drawn out of the abdominal cavity and sutured under the skin ; after 
this graft had grown the remainder of the gland was removed; no glyco- 
suria resulted until the graft was extirpated. Iledon (89) found that 
in nearly all cases simply cutting the nerves and vessels without remov- 
ing the graft was sufficient to cause glycosuria. Martina separated a 
portion of the pancreas of a dog entirely from its nerves and vessels, and 
transplanted it into the spleen; the dog survived the extirpation of the 
remainder of the gland for an unusually long period (four months), but 
diabetes was not prevented. 

Minkowski (141) has reported new experiments on the transplantation 
of the pancreas. If a graft secures a sufficient blood supply it grows 
and functions to such an extent that the animal’s own pancreas may be 
completely removed without the occurrence of diabetes. The transplanta- 
tion must be made before diabetes has been induced, otherwise healing 
of the wound will not take place. 

Fortunately few attempts have been made to treat human diabetes 
by transplantation of the pancreas. Eutcher (71) states that Williams, 
of Bristol, transplanted the pancreatic gland of a sheep under the skin 
of the breast and abdomen of a diabetic. The patient died in three days 
of coma. 


SEX GLANDS 

The first experimental demonstration of the existence of internal 
secretions was made in connection with the sex glands (Berthold’s experi- 
ments on capons in 1849), and the first definite and conscious attempt 
to utilize them for therapeutic purposes was also made in connection with 
these glands (Brown-Sequard's experiments with testicular extracts, 
1889). 

Experimental and clinical work has demonstrated conclusively the 
presence and importance of internal secretions in both the ovaries and 
testicles. It has also been shown that they originate in parts of the glands 
other than those producing the external secretions ; in the male they prob- 
ably originate in the interstitial cells of Ley dig (Hanes, 85), whereas 
opinions differ as to their origin in the female, but it is generally ac- 
cepted that the corpora lutea constitute one important source. 

The functions of the internal secretions of the sex glands are chiefly 
connected with sexual life; they control the development and maintain 
the integrity of the accessory organs of generation and of the secondary 
sex characters ; internal secretions of the ovaries cause the changes in the 
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uterus wliieli follow llu* impregnat ion ot the ovuni ; menM mat mu is also 
dependent upon them. 

In addition to such specific aetions the internal secretions of the sex 
glands have other, undifferentiated, eilVets, sueh a> an intluenee upon 
growth (especially of bone) and upon metabolism (increased oxidation, 
especially in eastrated animals’). They also have reciprocal relations 
with many other organs of internal secretion (hypophysis, thyroid, thy- 
mus). 

TiikuaiuvUtki PsKrt ok Tii K Skx G lax ds 

At present, the sex glands are used as orgaiiotherapeut ic agents almost 
exclusively in gynecology, and their dismission properly belongs in special 
works on this subject. It seems prolmhie, however, that with increasing 
knowledge* of tin' relations of these glands to various t unctions and to 
other organs of internal secretion they may also acquire a considerable 
importance in connection with internal medicine. Titus, the relations of 
the ovaries to the hypophysis promise to be of practical as well as of 
theoretical interest. Fiehera slated that the hypertrophy of the hypo- 
physis which occurs in animals after removal of the ovaries may lu« 
cheeked by the administration of ovary. Such results suggest that ovary 
might he of value in eases of dyspituitarEm, and Mntlitt (1 l‘>) has re 
ported a ease with obscure symptoms suggestive of dyspit nitarism which 
improved markedly under ovarian therapy: the iudelinite nervous symp- 
toms disappeared and menstruation became more nearly normal. 

The ovary, or preparations of it, is chielly used to combat the dis- 
turbances occurring nt the menopause, natural or artilieial. Many writers 
report very favorable results in sueh eases (7, 51 ). The attack* of gid- 
diness, trembling, palpitation. Hashes, sweatings, and other nervous and 
vasomotor disturbances, which may occur many times in a day, were re- 
ported to be much ml need in number and severity, or to have cea.-ed en- 
tirely in some eases. The best results art* obtained in eases of post oper- 
ative menopause, especially in young women. Relapses frequently occur 
after stopping the treatment. 

Many east's have been reported in which tin* results were negative, 
and in some of those with improvement suggestion may have been an im- 
portant element. Various disturbances of the skin ( acne, ec/.etua, and 
prurigo) occurring during the menopause are often benefited by if ( lt» 1 i. 
It has also been found of value in certain eases of acne in girls. Its use 
in amenorrhea and dysmenorrhea has not been very encouraging; more 
favorable results have been reported in amenorrhea with chlorosis. The 
latter is believed to be associated, with disturbances of ovarian function. 

Ovary has also been recommended for various vague symptoms (in- 
somnia, headache, depression, pains in the hack) associated with ovarian 
and uterine diseases. 
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In recent years corpus luteum has been used somewhat extensively 
instead of the entire gland; it was introduced by Erankel on the theory 
that it exerts throughout sexual life a trophic action on the uterus. Re- 
cent investigations (Loeb, 125) show that the corpus luteum produces 
an internal secretion which leads to a hypertrophy and softening of the 
uterine mucosa, and sensitizes it so that it reacts to a foreign body (or 
ovum) with the formation of a maternal placenta; all attempts to obtain 
this effect from injection of extracts have failed (Loeb; Frank, 65). It 
has also been shown that the corpus luteum inhibits or delays ovulation, 
but this action is exerted entirely in the ovary itself. Thus, there seems 
to be little experimental basis for the therapeutic use of corpus luteum 
in cases in which the ovaries have been removed, but the entire subject 
is so obscure that it is much better to base practice upon clinical experi- 
ence than upon theory. Clinical experience, however, has not been uni- 
form (McDonald). Eraenkel (62) reports more or less favorable results 
in ninety-one per cent, of ninety-six eases of disturbances of the meno- 
pause, etc. ; the drug had no effect in dysmenorrhea, irregular menstrua- 
tion, and the intoxications of pregnancy. 

Maits (13S) reported favorable results in “osteomalacia, disturbances 
of the natural and artificial menopause, and in hypofunction due to in- 
fantile uterus.” 

Recently it has been especially recommended in cases of amenorrhea 
and scanty menstruation, and when there are nervous symptoms which 
may be due to this insufficiency. It is said to markedly increase the 
menstrual flow and to prevent nervous conditions accompanying their 
functional deficiency. 

Testicles. — The first attempts to consciously utilize the internal secre- 
tion of the testicle were made by Brown-Sequard in 1889, who reported 
remarkable results from the subcutaneous injection of testicular extracts. 
They were said to increase bodily and mental vigor, to have a favorable 
regulating influence upon the intestines, etc. Many other reports have 
been published along these lines, but they have little scientific value; 
many of the results claimed were evidently due to suggestion. 

Zoth (234) and Pregle (179) endeavored to demonstrate, objectively, 
an effect of testicular extracts upon muscular activity. They stated that 
the subcutaneous injection of such extracts, combined with muscular exer- 
cise, led to a marked increase in the amount of work which could be ac- 
complished, and also to a diminution of the sensation of fatigue. 

Recent scientific literature contains few references to testicular ex- 
tracts. 

Preparations and Dosage 

Practically nothing is known ns to the chemistry of the internal se- 
cretions of the sex glands. Loewy (127) tested the efficiency of various 
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extracts nf the ovaries upon a castrated bitch which reacted to the tuhnin- 
istration of ovarian substance by an increase in metabolism : glycerin 
extracts wen* especially active, saline* extract's les^ -o, whereas acids an«l 
alcohol seemed to destroy the activity. 

The gland (usually of the cow or ling) has been administered in the 
fresh and dried state, and in the form of various extract**, hot It orally and 
subcutaneously. At present it is used most frequently in the term of 
the dried powder, in doses of 0.00 to ()..*» gram (one to eight grains) or 
more, three nr more times a day. Many writers seem t<» have employed 
too small doses. As it sometimes causes disturbances of digestion, its 
use should ho interrupted at times. Kinhauscu recommended gradually 
increasing the dose to five grains (7«“> grains), or more, per day, and eon* 
tinning this for some time after an effect is obtained, and then gradually 
decreasing it for a time. 

The dried gland is frequently administered in the form of tablets; 
tlic designation of tlu* weights of the commercial tablets i> as lacking in 
uniformity as in the east* of thyroid tablets. 

The dried powdered corpus luteum (u1m» called “lutein") has been 
administered in doses of one-half to two grains (O.Oo to <). li!i or more 
three times a day. It has been used in the form of various extracts {;»()). 
Maits used a sterile one* per cent, extract, of the corpus luteum in normal 
saline solution injected subcutaneously in doses of ten e. c. 

The contradictory results reported in regard to ovary therapy may he 
due in part to variations in the character of the gland used; us Marshall 
(14-0) suggests, “it would seem unreasonable to expect to obtain uniform 
results from the indiscriminate usage of ovaries in different stages of 
cyclical activity (e. g., ovaries with prominent follicle" like limn* from 
animals ‘on heat,’ or ovaries with corpora lutesi like tluwe of pregnant 
animals, or ovaries in a state of relative quiescence like those of uiuMmiis 
animals).” 

The ovaries of many of tlu* lower animals also differ markedly from 
those of man, in accordance, with the difference** in the sexual lives. 


MAMMARY GLAND 

There is not much evidence *hut flu* mammary gland has an internal 
secretion beyond the fact that menstruation is usually in abeyance at the 
height of mammary activity. There is, however, some evidence that it 
contains substances (perhaps interna] secretions) which hu\e distinct 
effects upon metabolism and upon other organs. Thin*, Hunt showed 
that, when it. is administered by mouth to animals, if causes change" in 
metabolism analogous in certain respects to those caused hv thyroid. 

There is some clinical evidence that the administration id* mammary 
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gland has an effect upon the uterus. Thus, it is stated (155) to give 
excellent results in the profuse menstruation of young girls when there 
is no apparent uterine reason, and also in too frequent menstruation ; it 
is said to he partially efficient in shortening a prolonged flow. 

It is recommended in doses of five to ten grains three times a day. 

THYMUS 

Functions of the Thymus. — The thymus has important relations to the 
sex glands and to growth, especially to that of hone. It also seems to 
have some special relation to the thyroid. At least some of these rela- 
tions are believed to be maintained by means of internal secretions. 

The thymus exerts its action only during early life. It is relatively 
largest shortly after birth, when it constitutes about four per cent, of the 
body weight. It continues to increase slowly in absolute weight until 
puberty, after which it decreases, and is finally largely replaced by fat. 
The relation of the thymus to the sex glands suggested by its changes in 
weight is further illustrated by the effects of castration upon the thymus 
and the effects of removal of the thymus upon the sex glands. Henderson 
(91) found that early castration caused a further growth of the thymus 
and a prolonged or delayed involution; involution occurred especially 
rapidly in animals used for breeding purposes. On the other hand, Pa- 
ton (164) stated that removal of the thymus in sexually immature ani- 
mals led to a rapid growth of the testicles. Prom the above experiments 
and observations it has been concluded that the thymus exerts an inhibi- 
tory action upon the development of the sex glands, and, on the other 
hand, that the development of the sex glands has an accelerating effect 
upon the involution of the thymus. Paton (165) concludes from more 
recent experiments that thymus and testes both exercise an influence on 
the growth of the sexually immature animal ; the removal of both retards 
growth. After removal of one the other can compensate for its loss, and 
in doing so may undergo a more rapid growth, or, in the case of the 
thymus, may persist for a longer period. Purther evidence of a relation 
between the thymus and sex glands has been sought in the statement that 
the ovaries are frequently enlarged in status tymphaticus (Bartel and 
Herrmann, 13). 

The relation of the thymus to growth was studied by Basch (14, 15) 
and others (86, 130) in young animals from which the thymus was re- 
moved. Such animals showed delayed growth and diminished intelligence. 
The changes in the bones were especially marked ; these showed deficient 
ossification. Basch also reported that the peripheral nervous system 
showed an increased excitability, as determined by galvanic stimulation. 

Klose, and Klose and Vogt (109) found that, if the thymus were re- 
moved from puppies about ten days after birth, there was a latent period 

to A 
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of two to four weeks, then u condition of adipoMty for tw«» or three 
months, followed by cachexia ami a «'«unlit i* >n resembling ii] i« u-y, ami 

death in “thymic* coma” after three to fourteen mouths ; they say that ex- 

tirpation of the thymus ill infants is followed hy .similar result". They 
consider the gland to he* a vital organ in early life. They also found 
that the hones of animals deprived of the tlnmus had lmt about half the 
normal amount, of calcium. They consider the* hone and other changes 
to he due to acid intoxication, and that one of tin* functions of the thy- 
mus is to inhibit, the formation of or to neutralize an excessive formation 
of acid, probably nucleic acid. The administration of thymus to dogs 
deprived of these glands was said to greatly hasten the e fleets of thy- 
mectomy. 

The thymus is very often found persistent or enlarged in eases of 

Graves’ disease, especially in the severer forms. Capelle and Raver 

(30) believe* that an internal secretion of the thymus aggra\ales the symp- 
toms, especially the cardiac symptoms of thi* disease. They report im- 
provenient from thy meetmny. Rireher (271 stilted that the implantation 
into animals of a pathological thymus caused symptom* of Grave* 1 dis- 
ease, such as tachycardia and tremors. 

Kacliford (180) believes that the* thymus produces an internal secre- 
tion affecting nutritional processes, especially in fetal life and early 
childhood; he believes that, slrrfutt lymphnfirus is due to an o\eo-«dve ac- 
tivity of tin* thymus, as Graves 1 disease is believed to he due t«» an ex- 
cessive activity of tlu* thyroid. Friedlander (OS) stated that exposure 
"of the thymus to Eimtgen rays caused diminution of the size of the spleen 
and lymph nodes in Hlttftut lymph ul into. 

Tukrackutio Uses ok the Thymus 

In view of the very unsatisfactory condition of the knowledge of the 
function of the tliynms, it is evident that a rational orga not hera pen ties is 
impossible; clinical trials have not led to conclusive results. Thymus 
lias been administered in many conditions (gout, various fnnu- of thy- 
roid disease, acromegaly, Addison's disease, etc.). Especial emphasis 
has been laid upon its value in rickets and, recently, in metabolic osteo- 
arthritis; Nathan (150) administered it in doses of two to four “5 grain” 
tablets (each tablet apparently containing dry gland equivalent to iive 
grains of the fresh gland) three times a day for long periods. 

Favorable results (delayed growth and relief of pain) have been re- 
ported from its use in carcinoma (SI). It has been administered hy 
hypodermic injection of extracts and hy the mouth. Gwyer administered 
it hy the mouth in doses of from 30 to 120 grains (2.0 to 8.0} of the 
dried powder three or four times a day; Takaki used far smaller doses 
and stated that gastric disturbances frequently occurred during its use. 
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CHAPTER III 


VACCINE AND SEBUM THERAPY 
Francis Carter Wood 

A. HISTORICAL 

The fact that individuals who recover from certain infectious diseases 
are immune has been known since the earliest times, and was noted by 
Thucydides in relation to the plague at Athens. In China, practical ap- 
plication of the observation was made as early as 1000 a. d. by exposing 
children to smallpox or actually inoculating them with dried lymph, in 
order to produce a mild form of the disease, which they usually survived, 
and which rendered them immune. Among certain castes in India and 
some of the wild tribes of Africa it was the practice to immunize individu- 
als with small doses of snake venom as a protection against subsequent 
bites. Smallpox inoculation was introduced from Asia among Western 
nations in the eighteenth century. Inoculations of cowpox as a protection 
against smallpox had also been practiced in England and on the Continent 
in isolated instances ; but it was not until Jenner had made his observations 
that the value of the method was established, and the procedure generally 
introduced. 

Further advances in immune therapy were not made until Pasteur’s 
work, nearly a century later. From his studies on experimental infections, 
based on Jenner’s observation that immunity to smallpox could be pro- 
duced by attenuated virus, Pasteur concluded that this might be a general 
law applicable to other infections. Acting on this theory he was able to 
immunize fowls against chicken cholera. He also developed methods of 
vaccinating against anthrax and swine erysipelas, each instance requiring 
some special method of attenuating the virus. He found that he was able 
to diminish the pathogenicity of parasites for their natural host, not only 
by cultivation and preservation under unfavorable conditions, but also by 
repeated passage through other animals ; and that, while passage through 
some species might diminish the virulence, passage through other species 
might enhance it, and modify the type of disease produced and the length 
of the incubation period. Owing to the rapidity of reproduction in the 
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low forms of lifts to which these p:mi>itc- belong, the n-.ii 1 1- of natural 
or artificial selection so induced rapidly heroine nmrc «»r b*^ |«tiii:i* 
nonf, anti an* thus transmitted to sucee—ive general i«m-. of l In* organism, 
often for a Ion#? jicriotl. 

Tlie short cuing of the incubation period in rahie-., which occurs after 
passage of tlu* virus through rabbits, gave Pasteur a means of combat- 
ting street values, which has a long incubation period, by imniuni/.ing the 
subject aft(*r infection. In IS So, after many exp* riiuenis on animals, 
lie made his first inoculations in man with *»ucc«— . 

In 181)2 Ilnftkine developed a similar method of \aooinating against 
cholera with the living vibrios attenuated by long culture. 'Ibis pro- 
cedure was made possible by the fact that cholera bacilli do not produce 
the disease when introduced subcutaneously, hut only when given by 
mouth. 

All the methods introduced by Pasteur depend on active immunization 
with attenuated living virus. 15y this means he was able to control three 
of the epizootic diseases prevalent in France, and to reduce the mortality 
of rabies in man to a minimum: hut, unfortunately, it has uof been 
possible to extend the application of this principle materially, and all 
important advances have since been math* with other means of active 
immunization. 

It •was shown by Salmon and Smith ( I2S), in and independently 

by Oliamberhmd and Iloux, in tlu* following year, that it \va- not neces- 
sary to introduce living microorganisms in order to produce immunity, 
and that the same re wilt could he obtained by injecting bacteria killed by 
heat, or even by injecting culture Hinds from which the bacterial cells had 
boon removed by tilt rat ion. 

Tn 181)0 Koch introduced his original tuberculin a** a specific cure. 
He believed that he had separated from the bacilli a directly curative 
principle which “killed flu* tuberculous tissue, hut not tubercle bacilli. ” 
The* effect, lie produced would now he ascribed to a local anaphylactic re- 
action. In 1 SOT lie prepared a new tuberculin from finely pulverized 
bacterial calls, with a view to producing an active immunity again-t the 
bacteria by means of this extract. 

Vaccination by tlie use of cultures killed by heat or antiseptic*' was 
introduced by Kollo in 181MJ as an improvement on llaltkine’s cholera 
prophylaxis. In the same year Wright introduced tlie use of killed cul- 
tures for immunization against typhoid fever, and two years later Shiga 
applied the procedure to dysentery with moderate success. 

All of these procedures, except. Koch’s, wen* prophylactic, hut in 1SKH 
Wright introduced active immunization as a therapeutic measure* in many 
chronic infections. lie used, for the* most part, cultures of tlu* specific, 
organism killed by heat, and when possible prepared his vaccine from 
strains isolated from the lesion to he treated, lie also used Koch’s new 
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tuberculin in minute doses, considering it not as a direct means of cure, 
but as an antigen against which immunity could be produced. 

Ear more marked success from a therapeutic point of view has been 
obtained by passive immunization. The production of antitoxic sera was 
made possible by the discovery, by Roux and Yersin in 1889, that the 
injury caused by infection with the diphtheria bacillus was chiefly due 
to a soluble toxin which the bacillus produced in culture as well as in 
the animal body. The same was shown by Knud Faber (1890) to be 
true of the tetanus bacillus. 

We owe to von Behring the discovery that antitoxic immunity can 
be transferred from one animal to another by injection of blood serum. 
In 1890 he succeeded in immunizing animals against the tetanus and 
diphtheria toxins, and in protecting other animals from the fatal results 
of infection, by injecting them with the serum of immune animals. In 
3893 von Behring first introduced his antitoxin for use in human diph- 
theria. The wonderful results which he obtained have led to innumerable 
attempts to apply the same principle to the treatment of other conditions ; 
but these attempts have, for the most part, been unsuccessful; although 
Calmette, in 1894, developed an antitoxin for snake venom which is 
fairly effective, and tetanus antitoxin is valuable in prophylaxis. 

The discovery of bacteriolytic immunity gave rise to the hope that 
bactericidal sera would prove as effective as diphtheria antitoxin. At- 
tempts to apply such sera to the treatment of a great variety of infections 
met with slight success until 1906, when Jochmann introduced the treat- 
ment of epidemic meningitis by intraspinal injections of a serum which 
combined antitoxic with antibacterial action, a procedure since perfected 
by Elexner. 

B. THEORIES UPON WHICH IMMUNE THERAPY IS 
FOUNDED 

The methods of vaccination introduced by Jenner and Pasteur were 
based on the observation that survival after a modified form of a dis- 
ease resulted in protection, but they did not analyze thoroughly the na- 
ture of this protection. The further application of immune methods 
has been the result of innumerable investigations into the mechanism of 
immunity, some of which may be briefly mentioned. In 1883 Metchni- 
koff advanced the theory that resistance to disease was due to the activity 
of phagocytic cells, which ingested and destroyed the invading parasites ; 
and that immunity consisted in an increased activity of these phago- 
cytes. Yon Behring’s discovery in 1890 that antitoxin is a soluble sub- 
stance present in blood serum showed the inadequacy of this explana- 
tion; and it was soon found that immune serum possessed other specific 
properties. In 1893 Pfeiffer (114) demonstrated its bacteriolytic power 
when injected into the peritoneum of normal guinea-pigs, and in 1895 
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Metchnikoff (!()()) demonstrated tin* same property in \itro, though he 
believed that, the immune substances were sot five in the >erum 1»\ dis- 
integral ion of leukocytes. In tin* Mime* year I*en\> and Leelef .showed 
that even the increased activity of the leukocytes of an ininuuu' animal 
was due to substances in the blood serum, and not to any changes in the 
leukocytes themselves. Bordet. (21) added to our knowledge of haeteriu- 
lysis by showing that two distinct substances, ,su hsf niter #t usihihxtt(rir<> 
(amboceptor) and al<\rin (complement), take part, in the solution of 
bacteria, either being inactive of itself. 

The most important attempt to explain tlu* development and action 
of immune substances in serum was tlu* so-called ‘Vide chain theory" 
developed by Ehrlich (-B5) in 1S07. He believed that the-u* phenomena 
were essentially chemical reactions, and applied to immunity. certain 
ideas which he had developed to account for tin* combination of food 
stufFs with body cells. According to hi> theory, toxin attaches to certain 
atomic groups or side chains, to use the terminology of organic eheuii-lry, 
of the protein of tlu* cells. These hypothetical side chain-* «*f the eell 
substance are called receptors, and the corresponding atomic groups in 
the toxin molecules are called huptophorcs. The relation-hip of the hap- 
tophores to the receptors is comparable to that of a key and it.- eorre-pomb 
ing lock. Tile haptoplmre group of each toxin unites with a .specific re- 
ceptor in the cell molecule, which is incapable of attaching any other 
toxin. The toxin molecule possesses another atomic group, tlu* toxo- 
phorc, on which its poisonous action depends. This i*, however, inactive 
until attached to the proper cell by means of the haptoplmre group. Anti- 
toxin consists of receptor groups set free in the blood serum, and these 
free groups unite with the toxin and saturate* its alliniiy for the body 
cells, thus preventing it from uniting with the cells and producing a 
toxic action. According to Ehrlich’s theory, this union takes place ac- 
cording to the law of multiple proportions, and, if a given amount of 
antitoxin saturates half the toxin in u solution, twice this amount will 
saturate all of the toxin. This simple relation, however, cannot usually 
be demonstrated, though Khrlicli was able to explain the irregularities 
by assuming the existence of other bodies, toxoids, in the immune serum, 
which possess a haptoplmre but no toxnphore group. 

While Ehrlich’s theory now seems inadequate in many respects, it 
has had an extremely important and profound iidtuenee mi experimental 
work in immunity. Other theories have since been brought forward to 
explain the relations of toxin and antitoxin. Arrhenius and Madsen con- 
sider that these substances are partly dissociable compounds resembling 
a weak acid and a weak base, and that the reaction between tlu* two is 
reversible, their union depending upon an excess of free toxin anti anti- 
toxin in the solution. The quantitative relations between tlu* two are 
thus covered by the law of mass action. Bordet (20) and Biltz (J7) 
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consider the combination, not as a true chemical union, but as being of 
the nature of an adsorption phenomenon. More recently, Abderhalden 
(1) and others have, by the use of polariscopic methods, demonstrated 
a true disintegration of some toxic substances by immune sera. It is 
hardly profitable here to go further into these theories, especially as we 
are still very far from a complete understanding of the nature of immu- 
nity; but a statement of some of the more generally accepted facts and 
theories will be of assistance in comprehending the therapeutic methods. 
For the sake of brevity, these will be stated somewhat categorically ; but, 
as almost every point is the subject of controversy, one should remember 
that the following statements are not universally accepted as true. 


C. NATURE OF IMMUNITY 

I. Natukal and Acquired Immunity 

Most of the known diseases attack only certain species of animals; 
other species, even if artificially inoculated, are insusceptible or naturally 
immune. Among susceptible species certain families and certain individ- 
uals also enjoy immunity. The age of the individual sometimes bestows 
a degree of immunity which is more often relative than absolute. Such 
insusceptibility, which is congenital or the result of normal growth, is 
called natural immunity. 

Even in susceptible individuals, infectious diseases frequently termi- 
nate in recovery, and persons who have recovered are to a greater or less 
extent resistant to future attacks of the same disease. This condition is 
called acquired immunity. We know that many, if not all, of these 
diseases are due to the invasion of pathogenic parasites, and conclude, 
therefore, that some change takes place in the body of the recovered pa- 
tient which prevents the parasite from growing, or at least from pro- 
ducing its injurious effects. A similar change can often be induced by 
other methods, such as the injection of dead parasites or their metabolic 
products. If the subject be stimulated in such a maimer to develop its 
own immunity, the resulting condition is called active immunity. 

Wo can also, in many instances, transfer the protective substance by 
injecting the blood serum of an immune animal into a normal animal, 
producing what is called a passive immunity. 

If the resistance depends on the ability to destroy the invading para- 
site, it is called antibacterial immunity j whereas, if it depends on the 
ability to neutralize the toxin of the parasite, which is not prevented 
from growing, the immunity is said to be antitoxic. 

The reactions of an organism which render it immune are quite gen- 
eral in their nature, and are closely related to those by which food stuffs 
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art* converted to Its use. Protein sub-taiices art* normally broken dowi 
into siinplt* radicals in the alimentary tract before absorption, but, i 
they are introduced parcnterally, that is, direct U into the s-'lcm with 
out passing through the 1 intestinal iiiuoki, while a considerable amoun 
is excreted hv the kidneys, the remainder undergoes a similar eatabolh 
process in the body tluids or possibly in certain cell-*. 'The substances h 
the blood ])lasmu or the tissue eeils which attack the proteins ditTcr I’rou 
the ordinary digestive enzymes in being highly specific; or, in othe 
words, the substance which breaks up one form of protein will not at tael 
another. If exhausted by the introduction of a large amount of a eertaii 
protein they are in time reproduced in execs'., .-o that tin* organism i: 
able to dispose more promptly of a second do-e of the same sub.-fance 
but not of any other protein. This increased power to destroy or rende 
iimoeuous any particular foreign substance is known a-, immunity. Thi 
chain of events is apparently the same whether the foreign Mih-tanec i 
injurious or not. Moreover, unicellular pura'-ites **neh a> bacteria, whicl 
gain access to the system, and emulsions of cells from another species i 
injected, induce the formation of bactericidal, eytohtie, ami other ini 
mune substances by wliat is probably a similar meehani<m. 

Immunity then probably consists of an e\ee«ive development id’ cer 
tain normal properties. As a matter of fact, its extent i~* almost alwav 
relative, and even highly immunized organisms can usually boeume in 
fected under especially unfa vora hie conditions. 

II. Anti no i u us 

Two explanations have been advanced fo account for acquired i in 
nnuiity. TheTuinioral theory attributes it to soluble substances in th 
blood scrum, while, according to the cellular theory, it depends on th 
activity of phagocytic cells. Neither of these hypothec*- -ati-factoril, 
explains the natural forms of immunity, and it. is probable that othe 
elements enter into many of the acquired t \ pes. Whatever may he lb 
essential protective feature, we can demonstrate that, when an anima 
becomes immune, its blood serum acquires new properties winch we at 
tribute to the presence of specific soluble substances, called immune horfir 
or antibodies. 

Any substance which, when introduced into an organism, can stim 
ulatc the production of such antibodies, is culled an twfitjnt. It, may b 
an infectious or harmless bacterium, an animal cell, or a toxic or a 
iimoeuous protein. Toxins and enzymes of unknown chemical composi 
tion, certain glueosides and possibly certain lipoids may also act as ant 
gens. 

We infer the existence of antibodies cut indy from the results the 
produce. They have never been isolated and we do not know their ehen 
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i cal nature ; but they are inseparable from one or the other of the serum 
proteins, and may have the same chemical characteristics. They are un- 
stable compounds, being easily destroyed by heat and by various chem- 
ical agents. They are demonstrated and their approximate concentration 
determined by their reactions with the corresponding antigen, either in 
vitro or when transferred to the body of another animal. 

The effect of antibodies on bacteria or cells is more easily observed 
than are their reactions with soluble substances. Among the immune 
bodies produced in res23onse to the injection of these formed antigens, we 
identify the agglutinins, the lysins, and the opsonins or tropins. The 
agglutinins cause the cells to clump in masses, a result which does not 
seem especially protective. This effect is produced apparently by a sim- 
ple substance, which is destroyed by heating to 70° to 75° 0. The lysins 
disintegrate the cells and bring the constituents into solution. They have 
about the same resistance to heat as the agglutinins, but, in order to effect 
solution of the cells, they require the presence of complement , a substance 
which is much more sensitive to heat, which is present in normal serum, 
and which is not increased in immunization. Immune bodies of this type, 
-which are inefficient without complement and are thought to act by unit- 
ing the complement to antigen, are referred to as amboceptors. We can 
sometimes determine that immune sera kill bacteria or cells, though we 
are not certain that they actually dissolve them. Such sera are called 
bactericidal or cytotoxic . Their activity also depends on the presence 
of complement, and the immune bodies are probably identical with the 
lysins. Moreover, we recognize that serum produces an invisible change 
in antigenic cells which enables leukocytes to ingest them, and that this 
property is increased in immunization. We attribute it to the presence 
of substances known as opsonins or tropins. The term opsonins is usually 
applied to substances in normal serum which are destroyed by heating to 
56° C. ; and the similar bodies in immune serum, which are more re- 
sistant to heat, are called tropins or immune opsonins. In some instances 
they do not induce phagocytosis except in the presence of complement. 
There is much doubt as to their nature, some observers claiming that they 
are identical with the lytic complement and amboceptor, and others, prob- 
ably more correctly, that they are distinct substances. 

If a soluble antigen is combined with the corresponding immune 
serum, the formation of a flocculent precipitate can frequently be ob- 
served. The antibodies responsible for this phenomenon are called pre- 
cipitins or coagulins. These bear the same relations to heat as the ag- 
glutinins. The precipitin reaction is the only directly visible result of 
the combination of antibodies with soluble antigens, but there is evidence 
that other changes take place. It is probable that such antigens are often 
chemically disintegrated by immune sera; and it can be demonstrated 
that, in the combination of these two, complement is used up even when 
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no visible precipitate is produced. From this we infer the presence of 
a group of antibodies having the cha rue teri.- ties of amboceptor and re- 
sembling baeferiolysins. These are sometimes termed alhumhin} if. si ns and 
also compJcmcnl-bhnVnuf substances. Another evideuee of tin* si»-t i< >u of 
immune serum is that, a soluble toxin eombined with the corresponding 
serum is rendered harmless apparently without disintegration of (he. 
toxin. In some instanees it can he recovered, after breaking up the mm- 
lunation, with its ])oisonous properties unimpaired. The ueiit ralizing 
suhstanee merely prevents the* toxin from uniting with the body cells and 
is called antitoxin. It is destroyed at a temperature of about tH) 1 ( \ 

III, Anaphylaxis — IIypkkhiw’Ri^ibimty— --SwurM I Iikkask 

The various inmmne bodies are not neeessarily protective in their ac- 
tion, and certain bacteria, such as the eholera vibrio, may he more di- 
rectly toxic after bacteriolysis than before. A more remarkable phenom- 
enon was noticed by von Behring in his early work on diphtheria anti- 
toxin; lie found that horses immunized against diphtheria toxin some- 
times became more susceptible to the. toxin than normal horse.-, even when 
their serum contained sufficient. antitoxin to protect other animal- pa— ivc- 
ly. This paradoxical condition lias been called anaphvlaxi-, by which 
wc signify a condition induced in an ovgani-m by treatment with an anti- 
gen, which, after a certain incubation period, renders the organism ex- 
tremely sensitive to a second injection of the sunt 1 substance. The reac- 
tion in a sensitized individual may he injurious and even immediately 
fatal, but is not necessarily so, and may result merely in the abrupt 
appearance of transitory symptoms, such as dyspnea or urticaria, after 
which the subject returns to a normal condition. Whatever the effect mi 
the injected individual may he, the reaction usually results in a destruc- 
tion of the invading parasite or antigenic suhstanee, and may in this 
respect he beneficial. As the word anaphylaxis implies that the re-ult is 
harmful, von Pirquet (1151 has introduced the term “allergic" to denote 
any condition of altered susceptibility which causes an individual to re- 
act immediately or in a different maimer to the second injection »>f an 
antigen. 

The paradigm of anaphylaxis is the so-called Theobald Smith phe- 
nomenon: If a guinea-pig he injected with a foreign protein, a- horse 
serum, in minute quantities, 0.01 to 0.001 e. e., and after seven to twelve 
days he given subcutaneously a second dose of 0 to f» e. e,, it develop* 
severe dyspnea and paralysis, and dies in convulsions, usually within an 
hour. Tilt 1 dyspnea is probably dm* to spu-m of the bronchi. If the 
second injection 1 k> made iutrupcritmically, intravenously, nr suhdurully, 
much smaller doses are required to produce a fatal result, about 0.0 I e. c. 
intravenously usually being sufficient. This hypersensitive condition has 
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been shown to persist for years, and is probably permanent. If a sublethal 
dose be given, the animal becomes dyspneic and usually has convulsions, 
but recovers its normal condition within a few hours. 

Anaphylaxis may be produced passively by the injection of the blood 
serum of a sensitized animal into a normal guinea-pig. After a brief 
period of incubation, twelve to twenty-four hours, this second animal will 
react to the proper antigen in the same way as an animal sensitized in 
the original manner. Shock may also be produced in a normal guinea- 
pig by injecting a mixture of anaphylactic serum and antigen which has 
been incubated in the presence of complement. 

The shock apparently occurs because the body is overwhelmed with 
toxic products formed by disintegration of the foreign protein, which or- 
dinarily are produced in harmless quantities, but in an anaphylactic ani- 
mal are produced suddenly in large amounts by an antibody present in 
the blood. A picture closely resembling anaphylactic shock can be pro- 
duced by the intravenous injection of peptone into normal guinea-pigs. 

A reinjected animal which has recovered from anaphylactic shock is 
temporarily insusceptible to future injections of the same serum, and for 
some time can not be resensitized. This condition of antianaphylaxis can 
also be induced by large injections during the latter part of the incubation 
period. It can not be passively transmitted; indeed, the serum of an anti- 
anaphylactic guinea-pig may produce passive anaphylaxis when injected 
into another pig. Antianaphylaxis may be produced in a sensitized ani- 
mal by the injection of minute amounts of serum, intravenously, subcu- 
taneously, or by rectum, and large injections can then be made without 
producing shock. It has been found possible to prevent shock by anes- 
thetizing - the animal before injection with ether, alcohol, or chloral, and 
sometimes by a preliminary injection of atropin. 

Anaphylaxis is relatively specific. A guinea-pig sensitized by injec- 
tions of sheep serum will react on reinjection to minute amounts of sheep 
or goat serum, to somewhat larger amounts of human or ox serum, and 
not at all to chicken serum. These animals may be readily sensitized to 
other animal sera, to while of egg, and to milk. They also develop a less 
characteristic anaphylaxis to toxins and to formed albuminous bodies, such 
as bacteria; and hyper susceptibility may be produced in other animals, 
though not so readily as in guinea-pigs. Inferences as to the action of 
protein in man can be drawn from these experimental data only with the 
greatest reserve. 

Serum Disease. — A group of symptoms has been ' described by von 
Pirquet and Schick (116) in certain individuals following the injection 
of large amounts of horse serum. After a period of incubation of from 
eight to thirteen days, the patients develop an urticarial or erythematous 
rash, usually accompanied by slight fever and swelling of the lymph 
nodes in the region injected, and sometimes by painful swelling of the 
11 A 
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joints, edema, and symptoms of renal irritation. The urticaria may in- 
volve the mucous membranes and eau.-e slight dysphagia or dyspnea. The 
rush usually disappears suddenly, within time days at um-1, 1ml has 
beam known to last a week. After disappearance, it may recur with equal 
abruptness. This eouditioij is called serum disease (Weaver, 1 • » 1 ), 

If such a susceptible individual is again injected within four months, 
there may follow an immediate reaction of a similar t\ pe without any 
incubation period; and usually ilu* symptoms are more severe and may 
be accompanied by seven* dyspnea, evidences of great va-omnim* depres- 
sion, and even syncope. Often there is an area of edema and congestion 
about. < Ik* site* of tin* second inoculation. In some instances the svond 
injection results, not, in an immediate response, but in an "accelerated 
reaction,” that is, one occurring after an interval of h*--s than ciyht days. 

The severe and rapid reactions which occur after s-coitd injection 
after a proper interval are due to a condition of auaphv la\i», and 
are comparable to the shock produced in guinea-pig-;. They are, how- 
ever, much less frequent and seven* than the reaction in tlu-e .sensi- 
tive animals. As lias been stated, the subcutaneous injection oi 3 r. e. of 
serum into a sensitized guinea-pig is usually fatal, but tin* curre-.pt »mb 
ing dose, 200 to 300 e. e., administered to man after an interval of one 
or two weeks, often produces no symptoms. 

The relationship of serum disease following a first injection i- less 
certain, but, it is thought that enough of the foreign serum mas remain 
in the system for eight days to read with the auaphylaet ie antibodies 
which are produced during this incubation period. 

Sudden Death after Antitoxin Injection.- Since the introduction of 
diphtheria antitoxin, (here have, however, been reported a few eases of 
sudden death following its use, about thirtydive in till ; and, although 
extremely rare, these eases demand consideration. Mod of the reports 
are fragmentary, but. apparently death followed a first, injection id* -orum 
in all instances, with tin* exception of two eases, in one of which it was 
attributed to a fourth injection made four days after the preceding one 
( Goldstein, (iff); in tin* other in a second injection after an interval of a 
year (Drey fuss, 3Ua). Tin* majority of these accidents can tmt he 
explained as instances of anaphylaxis unless it is assumed that tie* indi- 
viduals were sensitized in some other way, as by heredity or through the 
alimentary tract. This latter suggestion is highly improbable, as im deaths 
have been reported from certain districts where horse meat is med for food. 
Probably some of these deaths were not due to the serum at all, as the pa- 
tients were moribund when injected, and, in oilier instances, exitu- was 
caused by sudden strain on a heart much degenerated by the diphtheria 
toxin. There remain, however, certain eases in which death has followed 
prophylactic injections in apparently normal individuals. In some of these, 
autopsy disclosed a pronounced status lymplmtieus, but others were imex- 
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plained. The possible connection of asthma with these accidents is of in- 
terest. Gillette (58) collected fifteen cases of sudden death, and thirteen of 
severe shock following injections of antidiphtheritic or antistreptococcus 
serum, in most of which there was a history of asthma or urticaria. In 
some patients these attacks had been regularly brought on by contact with 
horses. On the other hand, the writer knows of one individual with 
typical “horse asthma” in whom injections of horse serum did not produce 
the slightest symptoms. 

While we recognize that these unexplained cases of death and shock 
do occur, we should remember their great rarity; in twelve years only 
two fatal cases were reported to the New York Department of Health, 
and many persons who have had extensive experience with antitoxin have 
not seen any alarming reactions. The risk of serum injection is much 
less than that attending the administration of many drugs, and should 
never weigh in the treatment of diphtheria or even in prophylactic in- 
jections when exposure to the disease is at all likely. It may, however, 
have some bearing on the indiscriminate immunization of normal in- 
dividuals. In patients with a history of asthma or with suspected status 
lymphatieus it may be advisable to give a very small test dose, as de- 
scribed below in making reinjections, and to precede the therapeutic dose 
with the administration of 0.01 grain of atropin. So far as is known, 
true serum anaphylaxis is never fatal to man, but, judging from experi- 
ence with laboratory animals, there may be some danger in giving a very 
large dose of serum to a patient after an interval of a week or more. 
There is certainly a slight possibility of producing severe shock. This 
is also true of rather moderate doses, if injected directly into the circula- 
tion. Besredka (15) has urged the use of very small preliminary injec- 
tions in such cases to vaccinate the patient against anaphylactic shock. 
As has been stated, if an anaphylactic guinea-pig is given a minute amount 
of serum, it quickly develops a condition of anti anaphylaxis, a fact first 
demonstrated by Lewis (93). Twice the dose ordinarily fatal will then 
produce no symptoms. This condition begins four hours after the sub- 
cutaneous injection of 0.05 c. c., and five to ten minutes after intravenous 
injection of 0.025 c. c. If, instead of one small injection, a series of 
increasing doses are given, the animal will tolerate still larger amounts. 
The proper vaccinating dose for man has never been determined, but sub- 
cutaneous injections of 0.5 to 2 c. c. are harmless. If, for any reason, it 
is feared that an injection may cause shock, it is well to precede it by one 
to three of these small injections. Even if disagreeable symptoms should 
follow, within four hours the patient would be able to tolerate a very 
large dose, so far as one can judge from the behavior of animals. If it 
is inadvisable to wait so long before an intravenous injection, one may 
divide the dose, giving first a minute amount, 0.1 to 0.5 c. c., and, ten 
minutes later, the therapeutic dose. Such a procedure is certainly no 
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more dangerous, and in all probability i- tar ^ater, than injecting the 
wluda amount at uiin'. Tlie.-e consideration- appl\ oiil\ when it. is de- 
sired to inject tin* scrum direct Iv into the circulation, or .-iiluMitaiicmislv 
in large' amounts, 100 to ^00 c. c., a.** is done with certain huctori*>l\ f in 
sera. Tlicv may be disregarded in the* treat incut, of diphtheria, except in 
giving intravenous inject ions, ami, lor that matter, it a patient is -n ill 
as to make 1 an ini ravenous injection of diphtheria antitoxin ad\i-able, 
the 1 risk of tlm injeet'mn is h»o slight to be' thought ot. It should be added 
that unpleasant ctfocts art* much less common after llic use of purilicd 
globulin prrparat ions than when whole serum is injected. Severe reac- 
tions are less common in children than in adults. 

The production of antisera in other animal-* than the lmrse ha< hern 
urged in order to avoid reinjection with homologous serum, so that an 
individual who had previously received untidiphtherilie lmr-e serum 
might, in a second attack of 1 1»«* disease he given autidiphthcriiiv sheep 
serum. Tin* production of such sera on a commercial scale has not vet, 
been attempted, however. 

Anaphylaxis and Intraspinal Injections.' The question of anaphy- 
laxis after intraspinal injections of therapeutic serum require- separate 
consideration. It appeared at tirst that this practice was quite harmless, 
and this is certainly true of nearly all individual'*. Recently, however, 
irritative effects of brief duration have been described by French clini- 
cian* after tilt' injection of serum into patients with normal or chronically 
inflamed meninges. They believe that serum disease after intraspinal in* 
jeetious may take the form of a transitory serous utcttiughU. A few 
instances have also been reported of shock and even of rapid death in 
patients with cerebrospinal meningitis following injection- made several 
days after the preceding dose. These eases were regarded hv the ob- 
servers as instances of anaphylaxis, though the lime which had elapsed 
since the previous dose was only four or live days in m*»-l in-fance*. and 
symptoms were not altogether characteristic. It .seems ditlieult to con- 
clude that attacks of dyspnea and convulsions occurring in a patient with 
meningitis are due to the action of injected serum. ( Vrfaiulv anaphylaxis 
can not be produced in this way in most, individuals. The serum has 
often been given after a ten-day interval without any bad effect-, but, in 
view of the possibility of anaphylactic shock occurring, such injections, 
if unavoidable, should he preceded by a small sul>eutauemis dose with an 
interval of a few hours (Ihitinel, 7-1). 

Treatment of Serum Disease. — The use of calcium ehWid has been 
recommended to prevent the urticaria, but its value is very doubtful. On 
the day of injection 0.f> to 1.0 gram (3 to 15 grains) may lie given 
in divided doses to susceptible individuals, and repented on the two bil- 
lowing days. The same drug may also be used after the eruption has 
developed, and sodium salicylate in doses of 0.3 gram (f> grains) three 
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times a day is also recommended, though neither one is very effective. 
Main reliance must be placed on palliative measures to relieve the itch- 
ing, such as lotions of 0.5 per cent, phenol or saturated solution of so- 
dium bicarbonate. Some of the menthol preparations and various dust- 
ing powders have also been found useful. Adrenalin, 1-1,000, may he 
applied locally if the mucous membranes are involved. In cases of se- 
vere shock or syncope, stimulants should be promptly applied to increase 
the blood pressure. Among the most iiseful are adrenalin, camphor, caf- 
fein, and digitalm hypodermically. If the dyspnea is severe, atropin 
in doses up to 0.G mg. (0.01 grain) may he used to relieve the bronchial 
spasm. In extreme cases it may occasionally be necessary to resort to 
artificial respiration combined with oxygen inhalations, as the respiration 
fails before the circulation. 

Other Forms of Anaphylaxis in Man. — The tuberculin and mallein 
reactions are other familiar clinical examples of anaphylaxis. Attempts 
have been made to explain the phenomena of eclampsia, of hay fever, and 
of many of the food and drug rashes, on the ground of a hypersusceptibil- 
ily due to previous sensitization to the toxic substance. Anaphylaxis may 
also bear important relations to immune therapy. The ability to react 
pronrptly and violently to the invading parasite plays a considerable part 
in the immunity from second attacks of the exanthemata, according to 
the views of von Pirquet. As an example, he believes that the resistance 
of a vaccinated person to smallpox may depend entirely upon allergie. If 
so, we have been artificially inducing this condition in our patients on 
empirical grounds without understanding the mechanism of the procedure. 
Now that so many new facts are being brought out experimentally, as 
shown in the excellent reviews of Anderson (2), Eriedemann (53), and 
Besredka (13), new ways may be found of making use of this phenom- 
enon clinically. 

D. ACTIVE IMMUNIZATION— VACCINE THERAPY 

The only way of stimulating the production of active immunity is by 
artificially producing the corresponding infection or intoxication. There 
is, of course, no advantage in such a procedure, unless one can eliminate 
the harmful effects of the disease in its spontaneous form. In the case 
of smallpox, for example, this can usually he done by inoculating a per- 
son in full health, the result almost always being a short, light attack. 
Occasionally, however, inoculated smallpox is severe; and the same end 
is better accomplished by producing a modified form of the disease — 
vaccinia — which has no dangerous features, hut which confers immunity 
to smallpox. Similarly, in immunizing against toxins, the poison can be 
so weakened that it can he injected without danger, hut will produce a 
degree of i mmun ity which will enable the subject to withstand a stronger 
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dose at. a second iujeetion. The production ot active immuuits U called 
vaccination or denuerization. 

The ideal vaccine would bo a form of virus or toxin which had been 
deprived of its poisonous properties, but retained it-. ant iconic power. 
Apparently, however, the development of immnnit\ depend*', to moiiic ex- 
tent, on the* saint* substances that produce the injury. At any rale it has 
never been possible entirely to remove the toxic proportion from an anti- 
genic substance. It is, however, possible so to reduce the toxic or infec- 
tious power of the vaccine that it can he used without danger and still 
produce immunity. 

To stimulate a patient or an animal to the development of antibodies, 
antigen may he injected in one of several forms: 

1. Fully virulent living virus (bacteria) in minute doses. 

2. Attenuated virus, weakened either (a) by parage through other 
animals; (1>) by cultivation under favorable conditions; (e) by injury 
through physical or chemical agents. 

3. Virus killed by heat or antiseptics. 

4. Extracts of virus containing no formed organisms. 

We may also lesson the injurious effects by injecting any of these 
four forms of antigen simultaneously with the corresponding immune 
serum, or by treating it. with the scrum Ik* fore injection, the product then 
being known as a ‘‘sensitized virus.” 

After inoculation or infection, the development of immunity is ap- 
parently due to the binding or destruction of the natural antibodies by 
the antigen and the consequent, production of an excess of llie-e substances 
by the organism. Active* immunity, therefore, is relatively "low in its 
appearance and may, in some instances, he preceded by an increased sus- 
ceptibility — the “negative phase” of Wright. This place-* a great limita- 
tion upon tlic* use of inoculations in the treatment of disease, and if is 
better, where possible, to introduce preformed antibodies from an im- 
munized animal. On the other band, once the production of antibodies 
has been stimulated, the process apparently continues for a time, and the 
homologous antibodies are less rapidly excreted than tlnwe injtctcd with 
the sera of other animals, so that an active immunity is of humor dura- 
tion than is the passive type, and for this reason is preferable for prophy- 
laxis. 

Vaccination may be performed before infection, in persons who are 
likely to be exposed to a disease. It may also be performed after infee 
tion, during the incubation period, if the virus cun be so modi tied that 
tlie. body reacts to it more promptly than to the original form; or, dually, 
it may be performed after the symptoms have developed, in eases when* 
the disease itself is not producing a sullieienl. reaction, but only under 
conditions which will prevent a temporary reduction of resistance or 
negative phase. 
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Active immunization has found a wide application in veterinary 
medicine, blit its use in human beings is limited to those instances in 
which it is without danger to the individual- The most striking success 
has been obtained by vaccination against smallpox and rabies. Similar 
methods are of distinct value in the prevention of typhoid fever and 
plague ; and in the treatment of certain chronic infections, such as furun- 
culosis, gonorrheal arthritis, and even some forms of tuberculosis. In 
regard to other conditions in which vaccines have been used, experience 
is as yet too limited to enable one to judge of their value. 

The characteristics of the vaccines and of the immunity produced 
will be given here, but for details of their clinical application one should 
refer to the chapters on the special diseases. 

I. Immunization with Virudent Living Virus 

The use of fully virulent virus is practically restricted to animal ex- 
perimentation, though the treatment of tubeiuulosis with minute doses of 
live bacilli — beginning with a single organism — has been attempted 
(Webb, Williams, and Barber, 153). 

II. Immunization with Attenuated Virus 

1. Vaccination against Smallpox. — See Vaccination, Vol. II, Sec. I, 
Chapter IV. 

2. Inoculation against Rabies. — See Vol. II, Sec. I, Chapter XX. 

III. Immunization with Dead Organisms 

1. Theory of Method 

The risk attending the use of attenuated living virus in most infec- 
tions is too great to permit the application of the method to many human 
diseases, though it has been employed in plague and cholera, as well as 
in smallpox and rabies. Injections of dead organisms are, however, com- 
paratively safe, and for this reason it has been possible to test their value 
in a great variety of conditions (T. Smith, 135). These preparations 
are called bacterial vaccines or bac.terins. They have been found useful 
not only in preventing the outbreak of disease, but in treating tbe patient 
after symptoms have developed. Wright introduced their use in chronic 
infections on the theory that the focal lesions have become so walled off 
from the circulation that the bacterial products are not absorbed in suffi- 
cient quantity to produce immunity, and that the bacteria introduced into 
tbe areolar tissues will incite a reaction by coming into free contact with 
the body fluids, thus preventing the formation of new lesions and even- 
tually curing those already developed. This theory is supported by the 
phenomenon which he described as auto-inoculation . If a tuberculous 
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joint, in a patient \vln> has been fre • frnm fe\»*r i- muni pointed, then* 
follow a sharp rise in temperature ami inrrea-ed inll.imiuat imt ahoitl the*, 
affecled part, elo-cly resembling the reaction to an inject inn of tnber- 
culin. Similar results can he nhtuiuc<l by ma-snuuc; oih<r local 1« *-it nw, 
and Wright demonstrated hv st slmU of the op-oiiic imh*\ lliat it was 
possible tit produce immunity in a patient, by mean*' of the-e auto inocu- 
lations. The probable explanation is that the greatly inerea-ed nh-urption 
of tin* products of the tubercle bacilli present in the ti— ue- incite- si reac- 
tion. It is impossible, however, to regulate the amount of toxin which 
will l»c absorbed after such si procedure, so lhat the method i- not nl 
clinically. Wright also bobls to the opinion that the immune bodies sire 
formed largely in the subeutaneous ti— ties, and that by subcutaneous in- 
joclions of vaccines, (*vi*n in septicemia, a degree of immuuitv can be ob- 
tained greater than that, produced by tin* bacteria m the blood ,-nvam. 
lie has hv no means sm*ce(*ih*d in proving t h i -* hitter contention, but there 
seems to In* little doubt in regard to the suree-,- of vaccine treatment in 
chronic localized infections. 

The immunity produced by bacterial vaccines i- often restricted, not. 
only to the species of organism used, hut to the particular strain for which 
the vaccine is prepared, Consequently, in eases where isolation h easy 
enough to make such a procedure practicable, it i- well to u-c organisms 
cultivated from the lesion to be treated. Where this i- not practicable, it, 
is customary to use a mixture of a number of strains of the -ante organism 
in the hope that one of those strains may he close ly enough related in that 
causing the lesion 1<> produce satisfactory immunity. Vaccine- made from 
the palient.’s own organisms are usually referred to as aulotirnuu^, others 
as slock ' vaccines. Those made from a mixture of different strains are 
designated polyvalent , or, better, multivalent rarrinrs, 

2, Trrhni<iur of M rift tut 

a. Opsonic Index.- -Wright (HU) believed that bacterial immunity 
was due almost entirely to tin* presence of opsonins in the blond, and that 
tin* value of bacterial vaccines depended upon their power to -limulate 
an increased formation of these substances, lie developed a relatively 
simple technique for estimating the* opsonic content of a patient** -erum. 
Tin* organism responsible for the infection was ideufitied and the do-age 
was regulated by the* estimations of the opsonic index. The technique of 
the estimations lias been severely criticized, and it is doubtful whether 
the opsonic strength of the blood can he accurately e-t hunted by this 
method. Whatever the value of the method experimentally may he. how- 
ever, clinical observations on tilt* condition of the patient have been found 
more valuable as a control of vaccine therapy. The opsonic index is still 
followed in many cast's at Wright's clinic, ami by some other workers, 
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but is no longer generally employed. If it is desired to control treatment 
by this method, an estimation of the opsonic index must be made before 
injection and every two or three days afterward. The index before treat- 
ment will usually be below 1.0. If the vaccine is given in proper amount 
it will usually cause a slight lowering of the opsonic index (negative 
phase), which, after about two days, is followed by a rise considerably 
above the original point (positive phase). If no further treatment is 
given, this rise is followed by a gradual return to normal. A second in- 
jection should be made as near the height of the opsonic curve as possible 
and never during the negative phase. A satisfactory rise in the opsonic 
curve may occur without a preceding negative phase, but, if the increase 
in opsonins is only slight, it indicates that the dose was too small. On 
the other hand, a marked and prolonged negative phase indicates that too 
much vaccine was given. 

The technique for determining the opsonic index and for the prepara- 
tion of vaccines can be found in any textbook of clinical laboratory meth- 
ods, as, for example. Wood, Chemical and Microscopical Diagnosis (160). 

S. Application of Immunization with Dead Bacteria 

Immunization with killed cultures of bacteria has been attempted for 
prophylaxis or therapy of the following diseases: 

a. Cholera. — Prophylactic inoculation against cholera as introduced 
by ITaffkine consisted in two injections of living vibrios, the first of an 
attenuated, and the second of a highly virulent, strain. Hafikine (Gl) 
found a considerable reduction in the incidence of the disease, hut no 
reduction in mortality among the inoculated persons who became infected. 
The degree of protection seemed to increase during the first four days 
and to last about fourteen months. 

Others have preferred the use of cultures killed by heat. During the 
Japanese epidemic of 1902, 77,907 persons were vaccinated, and the 
morbidity among them was 0.06 per cent., as compared with 0.13 per 
cent, among the uninoculated. The mortality was reduced from 75 per 
cent, to 4-2 per cent. During the latter part of the epidemic the dose of 
vaccine was increased, and there was no cholera among those who re- 
ceived the larger injections (Murata, 108). 

In the Philippines Strong has used filtered extracts of agar cultures 
with the aim of immunizing against the endotoxins. In Bilibid prison 
he inoculated 1,838 persons, over one-half the inmates; and there subse- 
quently appeared four cases of cholera among those inoculated and twenty 
among the uninoculated (Strong, 140). 

Immunization will in no regard replace sanitary measures in repress- 
ing cholera, but it is aj^parently useful in regions where the disease has 
already broken out. Since 1896 tbe Indian Government has maintained a 
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regular station for (he vaccination of lie- emigrul ing from in 

districts in llu* Uangos lmsin, in order to prevent llu* spread of tin- disease. 

b. Plague.--- Immunization against plague ha- been e\teu-i\el\ em- 
ployed in British India. IlatVkiue (til), with a v ie\\ to obtaining large 
amounts of toxin with the orgam-m*, u-e* ohl broth culture- hilled by 
heal. Others have advoeated tin* use of \ouug endure-, ot a nueleopm- 
tein prepared from pest bacilli, and of tin* sterilized peritom*al exudate 
from infected animals (natural aggre-sins). In the Philippine.- Strong* 
(111 ) has employed living endure.-, of an atoxic -train of B. pe-ti-. Inoc- 
ulation lessens eousiderahl v the incidence of the di-ea-e, ami causes a 
striking reditelioii in the mortality. It is, ho\\t»\er, by n«» mean- a-, ef- 
fect iv<* as general sanitary measure.- in restricting tin* -pre.id of plague. 
During an epidemie in the Punjab about one-third of the population of 
lifly villages was inoculated with tin* following result ( Forsyth, *i0) : 
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c. Dysentery. — Prophylaelie iiuiminizatiott agaiu-t bacillary »U -ten- 
levy was at (euipled extensively bv Shiga In Japan I 111 1, He found a 
diminution in the* mortality among those immunized, but no reduction in 
morbidity. On account of the powerful endotoxin* of the d\ -eatery bac- 
illus tin* miction after injection is apt to be very severe, and unfortunate- 
ly the immunity produced lasts but a short lime. ( 'omhiuni ion- of bacilli 
and immune serum are more useful in prophylaxis of dy-entery and will 
he mentioned later ( p. 1.72). 

d. Typhoid Pever. — The first extensive trial of pmphv lactic inocula- 
tions against typhoid JVver wa- made by Wright and l.id-liman in India 
in i NShS and ISiM) (H»2). Vaccination was also practiced in the Briti-h 
army during the Boer War and later in the Herman army during the 
Ilcrcro campaign in southwest. Africa. Although the percentage of case- 
was lower titan among the uuvaecimtled men, a mttuber f ra-e- of iy pboid 
fever developed among the immunized soldiers, ami the procedure fell 
into considerable disfavor ill the British army. In tints, however. I.ei-]i- 
mail, believing that Wright’s unsatisfactory results might lie due to over- 
heating in some of the preparations, again took up the work, and by the 
use of suspensions killed at ."id * instead of HO ‘ (\, and carefully stand- 
ardized, met with much greater success. Huron raged Ivy Lei-Umun'- re- 
port, Russell (127) has employed vaccines extensively in the Hinted 
States army with most satisfactory results, very few ea-es of t.vplioid 
lever developing among the immunized men. its etlicacy \va- -hown 
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during the army maneuvers at San Antonio in 1911. Typhoid was preva- 
lent in that district, but among 8,000 vaccinated troops there was but one 
mild case. The vaccines which he uses are prepared from agar cultures 
sterilized at 55° C. 

The immunization of hospital physicians and attendants is now prac- 
ticed m many institutions. In the Massachusetts General Hospital, after 
two years’ trial, there were no cases of undoubted house infection, although 
previously from two to six nurses had contracted the disease each year 
(Richardson, 117). 

Wright and Leishman used two doses of 500 and 1,000 million re- 
spectively, with an interval of ten days. Russell gives a third dose of 
1,000 million a week or ten days after the second. The injection is fol- 
lowed by a rather marked local reaction, and usually by a slight rise of 
temperature with headache and malaise. The effects are not, as a rule, 
severe enough to interfere with the individual’s ordinary occupation. A 
very few cases have developed fever as high as 103° E., accompanied by 
chills, vomiting, and diarrhea; but the reaction is always of short dura- 
tion and no serious results have occurred. In order to prevent severe 
reactions, Richardson used four injections, increasing from 50 to 400 
million at five-day intervals. 

The agglutinins, bacteriolysins, and opsonins are much increased in 
the serum of the immunized individuals. There is no agreement as to 
the duration of the immunity produced. Often the agglutinins and opso- 
nins return to normal in about six months ; but the statistical evidence 
indicates that the immunity lasts somewhat longer and the period is esti- 
mated as from two to three years. The table on page 144 gives the statis- 
tical results in several large groups of cases. 

These statistics seem to prove the efficacy of antityphoid vaccination, 
but it has been denied by Metchnikoff and Besredka on the basis of animal 
experiments. They were unable to protect chimpanzees against infec- 
tion by injection of dead organisms, though injection of small doses of 
living organisms produced immunity. 

The treatment of typhoid fever by vaccines was also attempted by 
Wright, though there seems to be little reason to expect benefit from the 
injection of antigens in the course of a general infection. Their use 
has, however, been enthusiastically advocated by some who have tried 
them (Watters and Eaton, 150). Improvement in symptoms following 
injection of vaccines has been described, and most of tlie reports give 
a slightly reduced mortality (Callison, 28). In 323 reported cases treated 
with vaccines there were 5.2 per cent, of deaths, as against 7 to 12 per 
cent, in hospital treatment; but one can hardly judge of the value of the 
method on tlic basis of so few cases. The use of typhoid vaccines has 
been commended in ilie treatment of post-typhoiclal local lesions, such as 
periostitis, cholecystitis, and cystitis, but the number of cases is as yet 
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insufficient to determine the final value of the method. The treatment 
of typhoid carriers with dead bacteria lias also been attempted (Irwin 
and Houston, 75), and, if it proves possible to free these individuals from 
the bacilli, a very important field for the use of vaccines will be opened up. 

There is no agreement as to dosage. In most instances injections of 
from 25 to 100 million have been given at four or five-day intervals until 
defervescence begins. Some use doses of as low as two million bacilli; 
others give 1,000 million. Those who use the smaller doses usually re- 
peat the injection every day or two. 

The toxins of the typhoid bacillus are not set free in culture, but are 
contained within the cells. They may be extracted by various methods, 
and the extracts have been used in the treatment of the disease. Some 
(Hewlett and Goodall, 67) prefer them to the usual bacterins, believing 
that they produce an antitoxic immunity. 

e. Staphylococcus Infections. — The most constantly satisfactory re- 
sults obtained by the vaecine treatment have been in furunculosis. There 
are two groups of cases which are especially amenable to this form of 
treatment, and which seem to be due to an abnormally low resistance to 
infection by staphylococci, rather than to any unusual exposure to the in- 
fection. The first group includes those patients with recurring furuncles 
or carbuncles, and the second ill-nourished infants with staphylococcus 
skin infections. The- vaccine injections in these cases occasionally have 
a favorable influence on the already developed lesions, but are most val- 
uable in preventing the formation of new furuncles. Vaccines have been 
found valuable in acne, sycosis, impetigo, eczema, and infective derma- 
titis, and in pyorrhea alveolaris, though favorable results are less con- 
stant than in furunculosis (Strubell, 142). In 365 reported cases of 
skin infections treated with staphylococcus vaccine, 175 were cured, 154 
improved, and 29 unimproved. Of these, 133 were cases of furunculosis, 
and 107 such were reported cured (Strubell). 

The staphylococcus vaccines are also useful in otitis media, especially 
in subacute cases (Macdonald, 98), and in infections of the nasal sinuses 
when these can be shown to be due to this organism (Kolmer and Weston, 
85). The use of vaccines in a series of 1,100 cases of septic rhinitis in 
scarlet fever resulted in 78 per cent, cures. They have been used in 
mastitis and various chronic wound infections. 

Autogenous vaccines are more valuable than stock preparations, al- 
though both are used. The dose for adults is 50 million, increasing to 
5,000 million, and given at intervals of four to five days. Eor infants 
about one-fifth of this amount is used. Vaccines should not be given 
during menstruation. Small doses only should be administered to dia- 
betic patients. 

f. Acne, — As staphylococcus vaccines which give fair results in pustu* 
lar acne have had very little effect in cases of acne punctata, vaccines 
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prepared from tin* Ik aencs ( Hahoiiraml ) have heen used, and with ap- 
parent, success (Fleming, IN). Small initial d ink, I’mm to 10 million 
bacilli, a iv given, UMially combined with Maplix locoed!"* vairim-. , I'lu fc 
organism nuiv be cultivated on nutrient agar made acid with <»ieir acid, 
or nmltn* anaerobic conditions on neutral agar ( Hartwell am! Streeter, 
05 ). 

g. Gonococcus Infections. — It is generally agreed that \aeeines have 
a favorable inlluenee on sulmeute and ehronie gonorrheal arthrilN, and 
good resulls have a No been reported from their u-e in epididymi* is, in 
ehronie prostatitis, and in vulvovaginitis in infants t Hamilton, ti:j). 
They have lit lit' or no inlluenee on aeule urethritis. It N more practical 
to use slock vaeeines than to fry to isolate the organism from eaeh ease; 
but if this is to be attempted media eoutaining human protein, -ueh as 
blood or eliest st'rnm agar, are ncees-siry for tin 1 growth of ma~- cultures, 
Tlit' dose usually recommended is «.*> to 100 million ( t 'ole and Meakins, 
CO. At. lirst large injections of :»00 to 1,000 million wen* given with 
success, and sotiu* still advice tin* use of a don* suiheient to prodnee a 
fever of 2 to d° F., and a distinct reaction in the f«»eus of infection. 
These large* inject ions seemed effective in a group of fifty cum*- «d cpididv 
in i t is ( Ilruek, lid), and, in a series of tifiyone ea-s*** of arthritis treated 
with smaller doses, good results were obtained in forty two (Hartwell, 
Of). In vulvovaginitis doses gradually increasing from 50 to too million 
may bo given at. intervals of live days. 

h. Streptococcus and Pneumococcus Infections.* TIhvc orgnuNum are 
loss often responsible for ehronie infections, but nasal hums middle ear, 
and mastoid infections, and pyorrhea nlveohms due to (hem are frequent- 
ly amenable to vaccine* treatment. Good results have a No been reported 
following their use* in septicemia, acute puerperal infections, and infective 
endocarditis; but. on the* wlmh* they have not proved useful in -meh con 
ditions, nor is there theoretically any reason why they -hnuhl { Watters 
and Raton, ldiH. Horder (7 l!) reports twelve eases of endocarditis s> 
treated, without a recovery. In pneumonia vaccines are euthu"ia**tieally 
recommended by a few who have treated groups of ea-e< with low mor- 
tality, but the same might he said of nearly every method of treating ihN 
disease. In one group of thirteen eases, mixed culture'* from the patient'*" 
own sputum were used in doses of 150 to ii00 million organism**. There 
were two deaths ( IJoelke, 10). Roseuow has recently reported good re- 
sults from tin* use of large doses of autolyzed pneumococci in pneumonia. 
Such preparations seem to be less toxic than fresh culture'*, but retain 
their immunizing properties. 

Tn Russia a vaccine consisting of broth cultures of streptococci killed 
by heat lias been extensively used in the prophylaxis of scarlatina. Three, 
doses of from 0.5 to 2 c. c. are given at iutervals of seven days, .lodging 
from the results in communities where scarlet fever has appeared, the 
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vaccine confers a considerable degree of protection. The injections are 
frequently followed by an abrupt rise in temperature, and a scarlatini- 
fonn rash with subsequent desquamation, but this reaction does not seem 
to be injurious (Gabritschewsky, 55). 

In treatment it is usual to begin with doses of 3 to 5 million cocci, 
increasing to about 100 millions. If the vaccines are used in septicemia 
one should be especially careful not to give too large doses, as these may 
be harmful. 

i. Colon Bacillus Infections. — In a few chronic colon infections 
Wright obtained results which convinced him of the value of vaccines in 
these conditions. Chronic infections of the genitourinary tract are com- 
mon, and vaccine treatment has been rather extensively tried. Dudgeon 
(40) treated fifty cases with only slight success, while Cabot (27) re- 
ported improvement in more than half of twenty-two cases treated, but 
no striking results in any. Billings (10), after rather extensive experi- 
ence with vaccine therapy in these conditions, is of the opinion that 
symptoms are usually improved, and often very markedly so. He has 
observed the complete disappearance of the bacilli from tbe urine, but 
this does not often occur, even in cases which seem much benefited by 
tbe treatment. Tliere arc two difficulties in tbe immunization: first, the 
blood serum does not obtain free access to the lesion, which is usually 
limited to the mucous membrane ; and, second, the strains of colon bacilli 
differ so widely in their characteristics that it is always necessary to use 
an autogenous vaccine. Some strains are quite toxic, and it is always 
well to begin with small doses of from 10 to 25 million, but tlie dosage 
may sometimes be increased rapidly to 1,000 or 5,000 million without 
producing marked reactions. 

Vaccine in Other Infections. — A great variety of other vaccines have 
been introduced, but they have been used in too limited a number of cases 
to warrant, a detailed account of each. Emulsions of dead diphtheria 
bacilli have been used in prophylactic immunization; and also with ap- 
parent success in a few instances in the treatment of diphtheria carriers 
(62). Vaccines have also been used in actinomycosis (163) and in 
glanders, in Malta fever (161), in influenza, and in infections with B. 
pyocyanens (143), B. perfringens, Micrococcus catarrhalis (105), and 
the pseudodiphtheria bacillus. In whooping-cough, suspensions of the 
Bordet-Gengou bacillus (51) have been used; in conjunctivitis, of 1h° 
Morax-Axenfeld bacillus; in asthma, of an unidentified Gram-negative 
bacillus (31) ; aud patients with carcinoma have been injected with killed 
cultures of Micrococcus neof ormans (76). 
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IV. Immunization with I»a<tkui ai. Extracts 

Iimmmity can be produced by tin* injection of tin* cultural j »r« m l m»i ^ 
and extracts of bacterial cells which arc free from intaci bacteria, a- \viw 
first shown by Salmon and Smith ( 1-N). Tin* um- of extract*' in the pre- 
vention and treatment of disease has been recommended chiellv on the 
basis of two theories. Tin* tir**! is that tlie-e extracts contain nnlohu-ins. 
The intoxication produced by streptococci, typhoid bacilli, cholera vibrios, 
and many other organisms is due tt» a poison which is contained in the 
bacterial cell, and which is nut ordinarily set free in cull tin*, in contrast 
to the diphtheria and tetanus bacilli, which give up to the surrounding 
medium large amounts of toxin ( r,ru/o.r/a ). It has been thought that an 
antitoxic iimmmity against such infections might la* produced by the in- 
jection of extracts which would contain endotoxins, and immune sera fre- 
quently have the power of limiting* the poisonous action of this type of 
bacteria. It has, however, not been possible to demonstrate the existence 
of a (rue anticmlotoxin which would neutralize endotoxins in definite pro- 
portions, as is true in tin.* ease of diphtheria antitoxin and toxin. The 
second theory is that of Hail ( 1 ), who has suggested that the power of 
streptococci and other organisms to invade the body depend** on the secre- 
tion of substances which hi* calls ut/tjrrssins, which paralyze the phago- 
cytic activity of the host and enable infection to prog re--. He demon- 
strated tin* presence of these substances in tin* peritoneal exudates of in- 
fected animals; and hv injections of such exudate* into normal animals 
lie produced an immunity which he attributed to tin* formation of ttnli- 
aggrPHttimt. The same type of immunity can he produced by the injec- 
tion of watery extracts of the organisms made* in vitro, and Mich extracts 
have, boon called artificial aggressins. 

The. immunity produced by those soluble preparations probably does 
not. differ essentially from that which follows the injection of bacteria. 
At. any rate, the same immune bodies, agglutinins, lysius, tropins, etc., 
can usually be demonstrated in the sera. There is some evidence that 
they also stimulate the formation of antiendofoxins and antiaggressins, 
but, the chief advantages of extracts are their easy absorption, (heir .-light 
toxicity, and the fact that they can lie sterilized hv lilt ration and wit li- 
mit heating. Tt is stated that, after injection of extracts, a longer latent 
period (‘lapses before immunity appears, and that during this latent pe- 
riod susceptibility is somewhat, increased, hut this is probably true only if 
large doses are employed. 

Immunization with extracts lias been advocated in infection* by a 
number of organisms which do not produce soluble toxins in culture, hut 
has as yet found little clinical application. W<* have alri tidy mentioned 
the use of natural aggressins in plague and of artificial bacterial extracts 
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in typhoid fever and cholera. An aqueous extract of staphylococci (ITis- 
topin) has been recently introduced in treatment of skin infections. It is 
painted on the skin about the lesion with the view of producing a local 
immunity (Wassermann, 147). However, the most extensive trial of such 
preparations lias been made in treatment of tuberculosis. 

1. Tuberculin. — Neither in man nor in animals is it possible to dem- 
onstrate an immunity to tuberculosis comparable to that produced against 
most acute infections. A previous infection with tuberculosis or inocula- 
tion with a tuberculous vaccine may, however, render an animal intoler- 
ant of subsequent inoculation. Bacilli injected into such an animal are 
either walled off by rapid formation of connective tissue about them or 
are excreted like harmless foreign bodies. But, though a tuberculous ani- 
mal is resistant to new infection, the original focus usually 'does not heal. 
The blood serum does not acquire true lytic or antitoxic properties, though 
agglutinins, jrrecipitins, opsonins, and complement fixative substances 
(anti tuberculin) have been demonstrated in the serum of tuberculous men 
and animals. It is also possible by injections of tuberculin to make ani- 
mals and man less sensitive to this substance, but such immunity, like 
serum antianaphylaxis, can not be transferred to other animal's by injec- 
tion of serum. Though vaccination of tuberculous animals, even with 
living attenuated bacilli, does not cure their infection, it may prevent 
the disease from becoming acute or generalized, and some degree of bene- 
fit may be expected from similar treatment of human beings. Dead tu- 
bercle bacilli injected intravenously produce visceral tubercles; and sub- 
cutaneously cause similar inflammatory nodules, so that active immuniza- 
tion in man can he attempted only with extracts. 

The treatment of patients with tuberculin has been advocated on the 
basis of several different hypotheses. Koch originally held that he had 
isolated a curative principle from the bacilli which was directly beneficial. 
Later Wright aimed to increase the opsonins, which he thought were the 
natural protective substances. Both of these theories are now rather gen- 
erally discarded, and it is thought that the treatment may he beneficial 
either by producing insusceptibility to tuberculin or by producing slight 
focal tuberculin reactions. It is perfectly possible to produce such in- 
susceptibility, and those who believe that the symptoms of tuberculosis 
are due to poisoning with this toxin consider the procedure of great ad- 
vantage to the patient. Escherich (45) has called attention to the fact 
that patients who are spontaneously cured of tuberculosis are not insus- 
ceptible, but by per susceptible, to tuberculin, and he advocates, especially 
in infants, the use of minute and sometimes decreasing doses of tuber- 
culin with a view to increasing rather than reducing their susceptibility. 

One well known feature of the tuberculin reaction in sensitive in- 
dividuals is a hyperemia and increased infiltration about the lesion. This 
process does not penetrate into the older caseous foci, hut it seems prob- 
12 A 
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able that. an iidlammafory reaction about a quiescent. locus might have 
a distinctly beneiieial ctVcct. It is quite possible that the bench! of tu- 
berculin treatment is due entirely to the production ni ^u<*h -diudit focal 
reactions. Any marked reaction, however, may In* distinctly harmful 
and should lie carefully avoided. 

Whatever may be* the mechanism by which tuberculin acts, it U ap- 
parently of real clinical value in certain eases. Thu-e which arc most 
amenable to treatment are the* well localized and quiescent infection-., such 
as tuberculosis of the hones, joints, and lymph nodes { Nutt and Hastings, 
111). It is sometimes Ik nelieial in ocular (.1 minis, TO) and in geuitouri- 
nary tuberculosis and in lupus ( ( hmnull-dones i»0), though it U hardU to 
he recommended in eases where operative removal of the lesion is possible. 
Pulmonary lesions which arc inactive*, as shown by tin* absence of continu- 
ous fever, are also amenable to treatment { Rablwin, .T). Its use in more 
active cases is generally viewed with disfavor, but hnwcu-teiu < tit* j reports 
its use in (»S2 such cases, in fill per cent, of which the bacilli disappeared 
from the sputum. 

Wince tin* appearance of Knell's original tuberculin, an immense va- 
riety of preparations has been produced, for each of which special advan- 
tages are claimed. These* fall into two main groups: first, the soluble 
metabolic products of (he tubercle bacillus as produced in lluid culture; 
and, second, extracts and emulsions of flu* bacilli made by mechanical 
trituration, or by chemical extraction. The first group prohabK al-o 
contains some* of the cell constituents set free by autoh-ds. 

Koch's original tuberculin (SI) consists of cultures in glycerin bouil- 
lon from six 1o eight weeks old, concentrated to one-tenth their volume at 
100 1 ( and tillered free from bacteria. In order to avoid injury to the 
toxins by heal, Denys (TS) introduced bis bouillon liltre t I» K), which 
consists of similar cultures tmeoiieent rated and sterilized bv pas-age 
through a ( ’humberlnnd tiller. Tin* vacuum tuberculin enu-i-w of til- 
lered bouillon concentrated to one-tenth its original volume in \aeim at a 
low temperature. 

The type of emulsions of the bacillary bodies is Koch’s new tuber- 
culin. Virulent young cultures are dried in vacuo and ground until 
practically no stainalde tubercle bacilli remain. They are then extracted 
with distilled water, and the insoluble portion separated by cent rifugali- 
zation. This tirst exlrner, called T (), is similar in i»N action to old 
tuberculin. Tlic .sediment, is then emulsified by repeated trituration and 
extraction and cent rifugalizat ion until practically xvo residue is left. The 
clear opalescent lluid thus obtained is called T R (N:M. It is precipi- 
tated by 50 per cent, glycerin, in distinction to T (), which is soluble. 
It is less apt to produce a reaction, and Koch regarded iN action as al- 
most exclusively immunizing. T it as sold contains about lM) per cent, 
glycerin as a preservative. Phenol, which is used in the old tuberculin, 
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Is not suitable and should not be employed in mating dilutions. As orig- 
inally prepared by Jvocli, T R contained 10 mg. of solid matter to tlie c. c. 
Some preparations now sold are more dilute. Later Koch introduced a 
combination of T O and T R under the name of bacillary emulsion (B E) 
(83). It consists of the ground bacilli suspended in 50 per cent, glyc- 
erin, from which the coarser particles are removed by sedimentation. It 
contains 5 mg. of dried substance to the c. c. 

Among the extracts of tubercle bacilli may be mentioned tuberculo- 
plasmin, an extract prepared by subjecting the bacilli to a pressure of 
100 atmospheres (Buchner and Hahn, 24). Another well known prep- 
aration is Landmann’s tuberculole (90), of which there are three forms. 
Tubcrculole B is made by freeing the dried bacilli from fat, grinding 
them, and extracting the powder three times with dilute glycerin, first at 
40°, then at 50°, and then at 100°, and concentrating the combined ex- 
tracts in a vacuum at 37° O. Tuberculole C is the filtered bouillon, 
likewise concentrated at 37° C. ; and Tuberculole A is a mixture of B 
and C. Beraneek’s tuberculin (12) is prepared from cultures grown in 
acid 5 per cent, glycerin bouillon, an extract of bacilli made with 1 per 
cent, phosphoric acid being added to the filtered bouillon. It is said to 
have very slight toxicity. Von Ruck (124) has prepared a “watery ex- 
tract of tubercle bacilli.” Tuberculin purum or endotin is a prepara- 
tion made by freeing the bacilli from fatty substances by extraction with 
xylol, other, chloroform, and alcohol. This, it is claimed, is a harmless 
substance, hut it is also apparently very weak in specific properties (Vos, 
B. II., 140). Tebcan is a recent preparation (92), in which the tubercle 
bacilli are killed with 24 per cent, galactose solution. It is not to he 
recommended, as in some instances abscesses have appeared at the site of 
injection. Von Behring (10) in 1907 introduced his Tulase, an al- 
kaline suspension of tubercle bacilli killed with chloral hydrate. This 
also proved verj irritating and has been withdrawn from the market. In 
1S91 IOebs (80) introduced Tuberculocidin, made by precipitating tu- 
berculin with alcohol and bismuth; and Calmette (29) has prepared an 
alcohol precipitate from cultures of bovine tubercle bacilli, under the 
name of O L. The initial dose is 0.001 mg. Rosenbach (122) has pre- 
pared a tuberculin by mixing tubercle bacilli with a trichophyton, with 
the aim of reducing the toxicity. Deycke and Much (39), having the 
same object in view, have introduced a mixture of tuberculin with hu- 
man brain. They have also extracted a fatty substance, nastin, from 
a saprophytic streptothrix, which they consider to be chemically 
identical with the fatty constituent of the tubercle bacillus, tuber- 
culo-nastin. 

Bovine tubercle bacilli are less infectious to man than human strains, 
and Spengler (139) has advocated the use of a bouillon filtre prepared 
from these bacilli (Perlsucht tuberculin, P T O) ; and also of an emul- 
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siun of bovine bacilli prepared in tin* smir way us Kwh's new tubercu- 
lin ( II E). 

Attempts have also been math* I < > u "« * aulogeimu" tuberculins ( flrisooo 
and Williams, 22) ; ami a mixed tuberculin from various "trains of lmcilli 
lias been prepared (Rothschild, 

i\om> of lliese modifications lias proved essentially belter than tlie 
original ]>re]>a rat ions of Koch, and the result of treatment apparently 
depend* more upon careful dosage than upon the partirular preparation 
used. It would seem that, the emulsions would be more likely h» produce 
immunity than the filtered cultures, but no true immunity can be demon- 
strated after use of either. The broth filtrates an* more apt 1o produce 
reactions, but they have the advantage of being easily absorbed and there- 
fore more constant in their effects. 

In respect to dosage, the chief can* should la* to avoid producing a 
systemic reaction. If one aims to produce minimal focal reactions, the 
amount of successive doses should he* increased very slight Iv, or oven dim- 
inished. If, on the other hand, it be desired to product* an insusceptibil- 
ity to tuberculin, the dose may he doubled each time, provided no reac- 
tion has resulted from the previous injection. With old tuberculin it is 
customary to begin with 0.01 or 0.1- mg. t or more strict 1\ o.ol to 0.1*2 ru. 
ltim.). Some increase this up to 1,(100 mg.; others regard 1 mg. a-* the 
maximum. The corresponding dost* of new tuberculin, 15 K or T U, and 
of bouillon iiltre, is one-tenth or one-twentieth of this amount. The in- 
jections should he made subcutaneously. 

2. Trichophytin.— -Patients with certain deep infection-* with ring- 
worm fungi give a local ami general reaction after injection* with extracts 
of Hie fungus, similar to the* tuberculin react ion. Only certain cultures 
seem capable of producing this reaction. Excellent result* have been 
obtained in deep infections by single injections of filtered bouillon in 
which the fungi hud grown for several months. The ordinary superfi- 
cial infections arc only slightly influenced by these injections t Kusunoki, 
88 ). 


V. COMBINATION M unions 
Scrthvncrinadotb — M 'vusitiznl I'acrincx 

Prophylactic immunization by simultaneous injections of virus and 
immune serum lias found extensive application in veterinary medicine, 
and lias proved successful in the control of cattle plague, swine erysipelas, 
and other epizootic diseases. This procedure, known as wro-nirrhinfum, 
was introduced in Japan in 11)00 for the control of bacillary dysentery 
in man (Shiga, 1512). The dead bacilli alone are very toxic, but. it was 
found that tlioir effect could be diminished by simultaneous injections of 
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small amounts of immune serum. The combined inoculations did not 
markedly reduce the incidence of the disease, but lowered the mortality 
from 30 or 40 per cent, to nearly zero. The same method has been used 
quite recently to protect infants from summer diarrhea with only slight 
success ; two fatal eases occurred in a series of ninety-five vaccinated 
infants (Lucas and Amoss, 97). Streptococcus vaccine in combination 
with antistreptococcus serum has been recommended in septicemia, and 
good results are reported following their use in scarlet fever (Jochmann 
and Michaelis, 78). Vaccine and immune serum have also been used 
simultaneously in pneumonia. 

If too much of the protective serum is used in such injections, very 
slight immunity is produced. Consequently it has been proposed to treat 
the bacteria with immune serum in vitro, and then wash them free from 
excess of antibodies by centrif realization. Such sensitized vaccines cause 
relatively slight reaction when injected into laboratory animals, but pro- 
duce immunity more rapidly than the dead bacteria alone (Besredka, 
14). Practical application of this method has been made in antirabic 
inoculations, and a sensitized vaccine for use in tuberculosis has been 
prepared by treating ground bacilli with immune serum. The use 
of similar vaccines has been advocated for immunizing against the 
dysentery bacillus and other organisms which contain powerful endo- 
toxins, but they have not yet been tried out clinically. In the prophylaxis 
of diphtheria also, Theobald Smith (134) has recommended injections of 
toxin combined with a neutralizing dose of antitoxin which would give 
a much more durable protection than the immune serum alone. 


E. PASSIVE IMMUNIZATION— SERUM THERAPY 

Passive immunity is, in contrast to the types just considered, charac- 
terized by its rapid appearance and short duration. When serum is in- 
jected subcutaneously, the antibodies reach their maximum in the circula- 
tion in from twenty-four to seventy-two hours, large amounts requiring 
the longer time for their absorption. The greatest concentration is ob- 
tained almost immediately when serum is introduced directly into the 
veins. On the other hand, the exogenous antibodies are quickly elim- 
inated from the body, and the curve of resistance rises abruptly to a 
maximum aud falls much more rapidly than in active immunization. 

It has been the ideal of experimenters to perfect bactericidal sera — 
i. e., those which would destroy the parasites directly; but better practical 
results have been obtained with sera which neutralize their poisonous pro- 
ducts — antitoxic sera. Eor prophylaxis we may passively immunize nor- 
mal individuals, but the protection conferred is of such short duration 
that this procedure has few applications, and is limited to the control 
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of epidemics mid the* protection of physician- and hospital attendants. 
The best results with pas.-ive immunization arc obtained by injections 
during the incubation period; ihe.-e frequent 1\ pi*t*veui the development 
of the disease. After tlu* symptoms have appeared we may hope, by the 
use of sera, to eliminate the in feeling parasite or neutralize the toxins 
which it produces. After injections of immune mtiiiii there i- no nega- 
tive phase and little or no latent period, eoimequeul Iv this method has 
a great advantage over aetive immunization in the treatment of di-cuac. 

There are three diseases in which passive immunization ha- proved 
of undoubted value— diphtheria, tetumm, ami epidemie meuiugit i-. Other 
immune sera, the value of wliieli is less well established, will, however, 
he hriclly mentioned. A number of other sera base been tried elinieallv, 
such as anti-Malta fever serum, antirahic serum, ete., which have not 
proved of the least importance, and will, in eou-ctjuenec, he omitted from 
the following pages. 


I. Antitoxic Skua 

a. fliphth (Tift Anti t*u'i n 

Jiy far the most, successful clinical application of immunity lum been 
in the treatment, of diphtheria with antitoxin. Diphtheria D charac- 
terized by a local superficial infection with the diphtheria haeilli, usually 
on llie tonsils, and a general intoxication caused by ab-nrption of their 
poisonous products. The haeilli themselves sometime- gain aeee— lit the 
circulation, hut the toxin can always he demonstrated in the blood and 
frequently causes degenerative changes in the heart, kidtio\-, and periph 
oral nerves. This same toxin is secreted by the haeilli when they arc 
grown on artificial media, and it is possible to produce all the inpinnc 
of an infection in animals hv the injection of tittered culture-, freed from 
haeilli. The toxin acts after a latent, period of about :M hour-. 

Nature of the Toxin. — The chemical nature of thi- ptd-on is not 
known. It is precipitated hv alcohol and by saturation of the culture 
fluid with ammonium sulphate, hut preparations have been made which 
are not coagulated by heat and do not give the usual miction- of protein. 
It is quite unstable, being promptly destroyed by boiling and h\ expo- 
sure to 7i>° (\ for ft minutes, and injured by freezing and tin* action of 
light. Jt is an extremely powerful poison, ami 0.01)5 c, e. « f an active cul- 
ture tilt rate is fatal to u guinea-pig. 

Preparation of the Toxin. — Different strains of haeilli vary greatly in 
the amount of toxin which they secrete iu culture, and the nature of the 
medium on which they are grown also influences the production. For 
practical purposes a particular strain, known as the Park Williams l»acil- 
his No. N, is very widely used, as this has maintained its remarkable 
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toxin-producing qualities after seventeen years of cultivation. The amount 
of toxin in a culture rises to a maximum in about one week, and then 
gradually diminishes on account of autolytic processes. The bacilli are 
cultivated in broad flasks containing a shallow layer of weakly alkaline 
bouillon with at least 2 per cent, of peptone. After a week’s incubation 
the culture is sterilized by adding 0.5 per cent, of phenol. The dead 
bacilli soon settle out, and the broth containing the toxin is siphoned 
off and filtered. 

Nature of the Antitoxin. — The serum of animals immunized against 
diphtheria toxin contains a typical antitoxin, which completely neutralizes 
the toxin when mixed with it in vitro, or when injected into animals be- 
fore or immediately after an injection of toxin. The antitoxin is car- 
ried down when the pseudoglobulins of the serum are precipitated and 
may have the same chemical characteristics except in its resistance to 
heat. It is only slightly affected by a temperature of 56° C., but is 
promptly destroyed by exposure to a temperature of 60° 0. By injec- 
tions of washed diphtheria bacilli, sera can be produced which contain 
agglutinins, lysins, and substances which neutralize the toxic action of 
the bacterial cells, hut these bodies are not present in any considerable 
amount in the therapeutic sera. Bacteriolysins and agglutinins can he 
demonstrated in some preparations, but not in most. Antitoxin intro- 
duced intravenously or subcutaneously can be demonstrated in the blood 
serum for a period of two or three weeks. Injected into the body of a 
diphtheria patient, it combines with the toxins circulating in the blood 
with consequent disappearance of the symptoms which these produce. It 
has a marked effect on the local lesion also, the injections usually being 
followed by a demarcation and prompt sloughing of the membrane. In- 
jections of serum have a more marked effect than local applications of 
antiseptics, and in cases of laryngeal diphtheria this influence on the 
membrane may be much more beneficial to the patient than the purely 
antitoxic action. Closely related to its action on the membrane is the 
power of antitoxin to prevent infection when injected into normal in- 
dividuals. The mechanism of this action has never been demonstrated. 
It is probably not directly bactericidal, as the antidiphtheritic serum usu- 
ally forms a good culture medium for the bacilli. Some claim that this 
antibacterial action is dependent on an immune opsonin in the serum 
which depends for its activity on the presence of fresh complement. It 
may be that the growth of the bacilli in the body depends on the produc- 
tion of aggressins which prevent phagocytosis, and which are neutralized 
by the serum. 

The Preparation of Antitoxin. — The production of a satisfactory an- 
titoxin requires considerable skill and experience. Young healthy horses 
are used for immunization. It is best to use a very strong toxin,, which 
for the first injections is weakened, either by the addition of some chem- 
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ieul agent, or by combination with antitoxin. 'Ha* tir-i injection may 
consist «»1* 5, 0U0 units of toxin «-»iiiiln nf*i with IO.ihmj unit" <»f antitoxin, 
ami this may la* followed by in ion*- ol toxin ab»ne at three-day in- 
tervals. The aimnitif is gradually increased lo about ‘SHDjiuo units of 
toxin af. the end of two months. If the scrum U then of -nimble strength, 
tlu* horses arc hied every week and are also given an ineren-ed do-e of 
toxin weekly. Some horses never attain a satisfactory immunity, and 
only ahold 10 per cent, develop a** much as SOU units in i e. e. uf serum. 
The blood is drawn from the jugular vein and received in jars or Krlen- 
ineyer Husks, in which it is stored for four days to permit separation 
of the sentm. The serum is then drawn off ami usually Mo red for some 
time in the cold, as when absolutely fresh it is more apt to produee a 
rash. If kept at room temperature it loses about twenty per cent, of its 
strength in a year, hut at 5 (\ it is reduced only .-ix per cent, in tlu* 

sanies time. In most laboratories a preservative, either 0. 1 per cent, tri- 
cresol or 0.5 per rent, phenol, is added; but this is not nee e-.- ary. 

Concentration of Antitoxin.- The unpleasant and even harmful re- 
sults which have sometimes followed injections of Imr-e serum are due 
not to the antitoxin, hut to normal constituents of the serum. Conse- 
quently, in many laboratories the antitoxin i" freed, a* far as possible, 
from other forms of protein, and such preparation* are known a* con- 
centrated antitoxin or immune globulins, Ihmzhaf ( *» ) lum perfected 
the following method which is used in the laboratories of the New York 
City Department of Health: Tin* blood is received directly into a citrate 
solution, and the blood cells removed by sedimentation. The plasma is 
then heated to fd> ' V. for twelve hours, which converts about one third 
of the pseudoglobulin into euglobulin without diminishing the antitoxin 
content, by more than 5 per cent. The cuglohuiius are then removed by 
one-third saturation with ammonium sulphate and the psemloalolndins 
containing the antitoxin precipitated from the filtrate by adding aumm 
ilium sulphate to 5-1 per cent, saturation. Some of the pseudoglobnliu 
which is brought, down in the lirst precipitation is recovered by extract- 
ing the eiiglobulin precipitate with saturated sodium chlorid. and is 
again precipitated from this solution with dilute acetic acid. The pre- 
cipitates are freed from excess of fluid by pressure and dialyzed in parch- 
ment paper for one week against running tap wafer to remove the ex- 
cess of salts. They are then filtered through paper pulp and finally 
through a Rerkefeld filter to remove foreign bodies and bacteria. This 
concentrated preparation contains about SO per eeut. more antitoxin per 
unit volume than the original serum. Hi practice it produces fewer symp- 
toms of serum disease than the whole serum, a result which is due partly 
to the removal of the non-ant itoxie protein, ami doubtless also ft) the fact 
that the heating of serum diminishes its power to product* anaphylactic 
shock. 
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Standardization of Antitoxin. — The unit of diphtheria toxin was orig- 
inally defined as the amount just sufficient to kill a guinea-pig of 250 
grams in four days, and the unit of antitoxin as the amount which will 
just neutralize 100 units of toxin (Rosenau, 120). 

The standardization is rendered difficult by the fact that filtered cul- 
tures contain substances known as toxoids, which are non-poisonous, but 
which have the power of neutralizing antitoxin. Consequently, the ratio 
between the lethal dose of a toxin and its power to neutralize an anti- 
toxin is not constant. The antitoxin, however, is more uniform in its 
composition, and is used as the standard. In this country all toxins are 
tested by comparison with a standard antitoxin preserved at the labora- 
tories of the Public Health Service in Washington, the unit value of 
which is arbitrarily defined, but corresponds roughly to that given by 
the original method of determination. To determine the strength of a 
toxic broth, graded amounts of it are mixed with 1 unit of standard anti- 
toxin and injected into a series of guinea-pigs. The largest amount ad- 
ministered to a pig which survives for four days is regarded as the test 
dose. An immune serum is tested by mixing graded amounts of it each 
with a test dose of the carefully standardized toxin, and injecting the 
mixtures into a series of guinea-pigs. The smallest amount which suffices 
to protect the animal for four days is regarded as the unit. 

Administration of Antitoxin. — See Vol. II, Sec. I, Chapter XIV. 

Value of Antitoxin. — There are those who dispute the value of diph- 
theria antitoxin, though a careful review of the various statistics leads 
to the conclusion that it has reduced the mortality at least 50 per cent. 
During the ten years after antitoxin was first generally used the mortal- 
ity from diphtheria in Hew York City fell from 158 to 36 per hundred 
thousand (Park, 112). The results are more favorable in cases injected 
early in the course of the disease, as is shown by the following tabulation 
of 9,581 cases in which the total mortality was 15.5 per cent.: 

Day of injection, 1st 2d 3d 4th 5th Later 

Mortality 6.6 8.3 12.9 17.0 23.2 26.9 per cent. 

The effect of the serum on the membrane has lessened greatly the 
mortality from laryngeal diphtheria. Very large injections are said to 
be of value also in post-diphtheritic, paralyses, and certainly the early in- 
jection of antitoxin lessens the frequency and severity of these sequelae. 

A prophylactic injection is usually, but not invariably, effective. It 
confers almost absolute protection for two weeks after injection, after 
which its influence gradually diminishes. The prophylactic value of the 
antitoxin has been shown in the protection of physicians, nurses, and 
those exposed during epidemics, hut, doubtless, owing to the short dura- 
tion of the immunity induced^ it has not caused a marked reduction in 
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tlio prevalence of tin* dmease. For a more «1« *i n il*** | di-eu—ion ot immunity 
in diphtheria t lit* reader is referred t * » \. l»chriug * book in flu* 1 ti Idiot hck 
von Color (U). 

h. Teian us . I nfifosi n 

Tetanus, like diphtheria, is a disease produeed b\ t»»\in- secreted by 
bacteria which grow only in a local lesion. The toxin i* ul-o formed in 
cultures, ami when injected into animal* produce* all the -ytuptoms of 
tetanus after an incubation period of two to three days. The toxin lias 
never been isolated, but its characteristics are similar to tho*c of diph- 
theria toxin, and it is apparently not a true protein. It i- far more pow- 
erful than diphtheria toxin, and in its purest form o.tmon5 mi*;. \< fatal 
to a mouse. In fluid form it is very labile, but in dried form and pro- 
tected from light and moisture it is much more resistant. If precipitated 
hy saturating the filtered broth with ammonium sulphate amt dried over 
sulphuric* acid, it { reserves its strength iudetinitelv. 

Tetanus bacilli have no injurious effect of t hem-elves, and if in- 
troduced into the body without foreign bodies or free toxin they do 
not secrete any toxin and apparently become the prey of leukocytes. 
This may explain, in part the protective action of antitoxic s-rum, for, 
if the bacilli are protected from the leukocytes bv a paper -ac, they mul- 
tiply even in an immune animal. 

The bacilli secrete two toxins. One, trtamdvsin, has the power of 
hiking red blood cells, but it is doubtful if this plays any part in the dis- 
ease. The oilier, letanospasmin, has a specitic action on the ganglion cells 
of the central nervous system, and it produce* tin effects until combined 
with these cells. The toxin has an aHinity for the lipoid ^distances of 
the brain which neutralize if in vitro. It quickly appears in the cir- 
culating blood of infected animals, hut reaches* the* -piual cord only by 
passage up the nerve trunks; according to some, through the uxi- cylin- 
ders; according to others, through the perineural lymph -■pace*. It may 
rearii the cord through flu* nerves leading to the -eat of infeet ion, in which 
east* the spasm begins in that region, or it may, through the blood -ircam, 
reach nerves in other parts of the body and mi pa*s to the central nervous 
system. The spasm then frequently begins in the mu*cdc* of the jaw, 
as the nerves supplying these are very short, ami tran*mit the toxin quickly 
to the motor ganglia. 

Production of the Antitoxin, — For use in immunization the toxin is 
produced hy cultivating the bacilli anaerobically in weakly alkaline tmdia. 
Ordinary broth made with fresh meat infusion is quite -uiiable, though 
a variety of substances are added in some laboratories to favor toxin pro- 
duction. The bacilli may also be grown in aerobic culture- in -ymbioMs 
with Ik subtilis and other organisms. The tilt rati* of a six to ten days' 
culture is used for immunization. 
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Tlie antitoxin lias the power of neutralizing toxin if combined with, 
it in vitro or in the serum of living animals, but not after it has become 
attached to the cells of the central nervous system. It has the same 
chemical properties as diphtheria antitoxin. Some of the therapeutic 
sera contain agglutinins, but none show specific complement-binding sub- 
stances (Schurmaim, 130). 

In tlie production of tetanus antitoxin for therapeutic use healthy 
young horses arc employed. The toxin is usually weakened for tlie first 
injections by combination with iodin terchlorid or other chemical agents; 
but one may begin with 3,000 units or more of full strength toxin coni" 
billed with twice the neutralizing amount of antitoxin. The injections 
arc given several days apart until the animals tolerate 500,000 to 600,- 
000 units. In the Swiss Serum Institute whole cultures containing 
spores and bacilli are used, instead of filtrate. The general technique for 
injecting the toxin and obtaining the serum is the same as that for pro- 
ducing diphtheria antitoxin, and the antitetanic serum may to advantage 
be concentrated in exactly the same manner. 

Standardization of the Antitoxin. — The unit of tetanus toxin adopt- 
ed in this country is that amount which is just sufficient to kill a 350-gram 
guinea-pig. A standard toxin is kept by the United States Public Health 
and Marine Hospital Service in Washington, and is furnished free for 
standardization purposes. The unit of antitoxin is ten times the amount 
which will protect a 350-gram guinea-pig for ninety-six hours against 
one official dose of toxin, 100 units (Posen au and Anderson, 121). The 
German unit is much larger (about seventy-five times) and is determined 
by a method which gives less constant results. 

Administration of the Antitoxin. — See Yol. II, Sec. I, Chapter XXI. 

c. Antitoxin against Snake Venom or Antivenin 

Snake venom contains a number of separate toxins of which a neuro- 
toxin, acting on the motor nerve cells, an hemorrhagin, acting on the endo- 
thelium of blood vessels, an hemolysin, acting on the red blood cells, and 
a body resembling fibrin ferment, have been identified (Willson, i 57). 
Different venoms vary widely in their composition. Those of the poison- 
ous Colubrines, of which the cobras are the chief representatives, and 
tlie coral snake, the only species in this country, all contain large amounts 
of neurotoxin. Death from the bites of these snakes is due almost en- 
tirely to the paralyzing action of this poison on the pneumogastric cen- 
ter. It also has a curare-like action on the nerve endings. The Yiperines, 
to which group the rattlesnake, the water moccasin, and the copper-head 
belong, secrete a venom which contains only small amounts of neuro- 
toxin and large quantities of hemorrhagin and of fibrin ferment. It 
causes severe edema, hemorrhage, and necrosis in the region of the punc- 
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turn, and its paralyzing action on the spinal cord ma\ be the* result ( ,f 
thrombosis (Noguchi, 110). 

Animals injected with sublcthnl «I« »-«*•-« acquire an imnmnity ti» venom, 
tine to llu* development of antitoxin in their hl«»«>d. Their mtiihi neutral- 
izes t lit* corresponding venom in vitro, often with the formation of a 
precipitate, and confers passive* immunity when injected into auotlu>r 
animal. The autihodies art 1 nsnallv *»pccitic for the \etiom of each genius 
of snake, and those binding neurotoxin are distinct from tlm-c neutralis- 
ing hcmorrluigin. 

The harmless combination of toxin and antitoxin may he broken up 
by heat, or by chemical agents to which the antitoxin U sen-itive and 
tin* venom resistant, with a restoration of the toxic power of (lie mix- 
ture. This shows that llu* antibody does not break down the toxin, hut 
binds it in a way whieh prevents combination with tin* body eel Is. 

Tin* production of anlivenins powerful enough for clinical purposes 
is very dillieult, (hihnetle has prepared an antitoxin for cobra venom 
which is sold as “scrum autiveuimeuxd* of which TtJU e. e. would In* 
required to neutralize the maximum amount of venom whieh a cobra 
could inject. (Lamb, Nil). Nevertheless, good results hu\e* been reported 
from tin* use of relatively small amounts, 10 to 20 e. e. 'i'lii - serum is 
of no value against viper bites, but in Brazil a polyvalent '•enuu ha- been 
prepared by immunization against the venom «*f several ditVereni species 
of viperiues, and in Japan a trimcrcMiru* antivenin has been used with 
considerable success. Tin* value id* the treatment is limited hv the elilli- 
eulfy of having the* serum at baud when it is needed, and as vet no serum 
has been produced which is powerful enough to insure* recovery in till 
cases. 

<1. PoUnufhi 

Dunbar attributes the* symptoms of bay fever to tin* toxins in certain 
pollens whieh are* able to pe»iu*trute* the* mueou* membrane of individuals 
who, on account of vasomotor instability or for other reasons, are* -jii.v 
coptible. The type of the disease* occurring in America appears in the* 
full and is due to the pollen of the Solidaginea* I golden rod" ) and Am- 
hrosiami* (ragweed). In (vcrmnuy the elisease occurs earlier and is due 
to the pollen of grasses and grains (dramincu*). Dunbar de-eribe- an 
analogous malady in (Tina dm* <•» the pollen of the Ligii-licmu \ulgare*. 
ITo does not regard it. as a strictly anaphylactic reaction, hut ha* ob- 
taiued anaphylactic symptoms in guinea-pigs by injecting the* sera of hay 
fever patients in cemihhiation with pollen proteid. Pullen proteid ap- 
plied to the conjunctiva of a susceptible individmd pro* luces a topical 
local reaction at any time. 

In 1 BOD Dunbar (42) brought out a scrum prepared hv immunizing 
horses to pollen proteid. This pollantin in liquid or powdered form is 
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applied to tlie conjunctiva or nasal mucous membrane of the patient. 
Subcutaneously it has no effect, but Dunbar and others claim that, if 
used before the mucosa is so swollen as to interfere with absorption, it 
will prevent an attack, and that, if attacks are warded off for some time, 
the individual gradually becomes insusceptible. For those to whom horse 
serum is irritating a special powder marked “R” which contains a large 
proportion of lactose is used. 


e. Graminol 

Assuming that ruminants would become i mm une to the toxin of the 
pollens, Weichardt (154) has introduced the use of their dried serum 
under the name of Graminol as a cure for hay fever. 

f. Meat Poisoning 

The B. botulinus, which is very often found to be the cause of meat 
poisoning in Europe, produces a very powerful soluble toxin. A specific 
antitoxin, which is efficient as tested in laboratory animals, has been pre- 
pared by the Berlin Institute for Infectious Diseases, but its clinical value 
has not been demonstrated (Madsen, 100). 


II. Bactericidal Sera 
a . Antimeningococcus Serum 

For some years it has been known that immune serum would protect 
animals against meningococci. In 1906 Jochmann (77) and Wassermann 
and Kolle (14S) reported the treatment of patients by subcutaneous and 
occasionally by intraspinal injections of an antimeningococcus serum, 
with results which were somewhat encouraging. A more distinct success 
was obtained by Flcxner, who in 1908 brought out a serum prepared by 
immunizing horses, and reported its use in forty-seven cases with a mor- 
tality of 27. G per cent. (49).* His method of preparation did not differ 
radically from that of other workers, and his success was due largely to 
the exclusive use of injection by lumbar puncture. Flexner adopted this 
procedure on account of the “advantage of bringing the antiserum into 
direct contact with the focus of infection” and “the knowledge that elim- 
ination of colloids from the blood stream into the cerebrospinal fluid is 
a slow and imperfect process.” The serum is now extensively used. 

The Flexner serum is prepared by injecting horses subcutaneously, 
first with dead, and later with living, cultures of meningococci. Between 

*See also the chapter on Cerebrospinal Meningitis, Yol. XI, Sec. I, Chapter XII. 
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each two injections, the animal is given a dose < » t autolysate, prepared by 
digesting agar cultures with salt solution under toluol. The immuniza- 
tion is continued from four to six mouthy until the animals tolerate enor- 
mous doses of the extract. 

. The Wasserinaim and Kollc serum is a mixture obtained from three, 
horses, the iirst immunized by subcutaneous injections of dead and living 
cultures, the second immunized by similar intravenous injection-, the 
third immunized against distilled water extracts of the cultures. Other 
sera are prepared by list* of cocci alone, dispensing with extracts. 

The sera contain agglutinins, preeipitius, bactericidal, bacterial ropie, 
and complement-binding substances. They are also antiendotoxie, or at 
least exhibit a protective action in animals against injections of dead 
cocci. The bacterial extract* are used in immunization with a view to 
increasing their antitoxic power and preventing injury from the endo- 
toxins sot, free by lytic bodies in the serum. 

The standardization of meningococcus antisera is ditlieult on account 
of the inconstant pathogenicity of the cocci, Klcxncr regard- the bac- 
terial ropie content as Iho best index of their strength, and Uses a modifica- 
tion of NeufeldV technique in standardization. Wa-senuann and Kolle 
list 1 the complement deviation method, and others test tin* protective ac- 
tion of the serum in small laboratory animals. 

The effect of the serum is duo, according to Klcxncr, to three factors: 
the direct bactericidal action, the stimulation of phngoeyto-i-, and the 
neutralization of free toxins. It is shown by a prompt reduction of the 
number of cocci in tin* exudate, the extracellular forms practically dis- 
appearing, and the failure of the remaining cocci to grow in culture. 
After injection of serum, the exudate becomes less purulent, the leuko- 
cytosis of the. blood falls, and in about per cent, of the successfully 
treated eases the temperature drops by crisis. 

Administration.- — See Vol. II, See. I, Chapter XII. 

Ik Anfiin/lunnti tfcntm 

The successful employment of the serum treatment in ea-e* of menin- 
gitis due to infection with the meningococcus has led to attempts to de- 
velop a similar treatment for the form of the disease produced by the 
influenza bacillus (Wollstein, lot)). The serum is obtained by treating 
goats for a long period with living cultures of the bacilli. It contain*' 
agglutinins and opsonins, lmt no bacteriolytic substance*. It has proved 
useful in experimental meningitis in monkeys, but there are as yet no 
reports of its therapeutic use in human beings. 
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c. Anlistreptococcus Serum 

Attempts to obtain an antiserum for use in streptococcus infections 
were made by von Behring and others immediately after the successful 
employment of serum treatment in diphtheria, but up to the present time 
these attempts have not yielded very satisfactory results. Aside from 
the difficulties in immunizing against any organism which acts by means 
of an endotoxin, the great biological differences existing between the 
various strains of strejitococci make it hard to obtain a serum which is 
generally applicable. Most of the sera now in use either are advocated 
for one class of streptococcus infections, such as rheumatism or scar- 
latinal angina, or are made polyvalent by the use of a number of differ- 
ent, types of organisms in the immunization. Some workers advocate 
the use of cultures whose virulence has been greatly increased by passage 
through animals; others assert that only cocci recently isolated from 
human lesions should be used. The best known method is that of Aronson 
(3), which consists in obtaining a basic immunity in a horse, by injec- 
tions of increasing doses of a culture of artificially exalted virulence. 
After a satisfactory immunity is obtained, the scrum is made polyvalent 
by injecting the animal with a number of freshly isolated organisms. 

The Meyer- Ruppel (107) serum is a mixture of the sera obtained 
from several horses, each immunized to cocci of a different origin. Aviru- 
lent strains arc passed through a number of small animals and are used 
for the first injections; later, original cultures preserved in defi.br mated 
blood are used. Each of the component sera is standardized separately 
by testing its power to protect animals against the corresponding strain 
of streptococci. Aronson’s serum is tested only against the one highly 
virulent strain. A scrum, 1 c. c. of which will protect a mouse against 
100 lethal doses, he calls normal, and recommends for use a twenty-times 
normal serum. In some laboratories serum is tested merely by clinical 
observation. 

Antistreptococcus serum contains agglutinins and bactericidal bodies, 
but its beneficial action depends chiefly upon the bacteriotropins. Exam- 
inations of five sera on sale in this country showed four to he active and 
one inactive (Weaver and Tiinnicliff, 152). Injected into guinea-pigs, 
they showed a protective action against subsequent injections of strepto- 
cocci, but no curative action on a previous infection. Bacteriotropins 
could be demonstrated in vitro only if the sera were quite fresh ; hut the 
tropic power of moderately old sera could be restored by reactivation 
with fresh human serum. Such reactivation would doubtless take place 
if the commercial sera were injected into patients. 

These sera have been tried in all varieties of stxeptococcus infections. 
In erysipelas they have been usually unsuccessful. In puerperal sepsis 
(Bumm, 26) and septicemias following trauma they appear to be of some 
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valiu*, though the results are far from uni form. Tin* he-» results arc 
obtained hy (hose who inject, early in ihe disease without waiting for a 
positive hl«n >d euhure, and this would seem the lim-u j »r« nn i -i ii*r proce- 
dure, though it is difficult, to draw conclusion* from -well ea-r- on account 
of (he uncertainty of the diagno-i*. Polyvalent -era and Mu-cr'- scar- 
latina serum < Ilukowskv, -a ) have been u-ed cxten-ivelv in severe scar- 
latinas, especially those complicated hy angina or streptococcus septi- 
cemia. Xicoll ( l OU ) on the Im-i- of hi- experience in thirty cases of 
scarlatina recommends large injection- in all severe infection-, the dosage 
being «()() c. <*. for older ehildren and adults. Mo-i of the reports from 
the Russian and Austrian clinic* are favorable, hut the result- attained 
elsewhere have been le.-s encouraging. 

, A special scrum has been prepared for the treatment of chronic and 
acute articular rheumatism t Men/.er, lu,"»), which seem- of rather doubt- 
ful value, (’ascs of ulcerative and vegetative endocarditis -eem less 
amenable to treatment than other type- of septicemia, and harmful re- 
sults have been reported following large do.-e-, due perhaps to a local 
reaction set up at the site of the valvular Ic-ioii. It is well to re-trict 
the serum treatment in these conditions to -mall subcutaueou.- injections. 
Jn general infections the serum is tt-ed *ubentuneou*dy in do-e- of from 
30 to fit) c. c., and in scarlatina in do.-cs of from Hit) to ;f t H l c. c. The 
results of intravenous injections of from :!<) to f»0 c. c, are u-ually more 
striking. The scrum is used locally in packing wound- and in dried form 
for insutllat ions in angina. In peritonitis it has been introduced directly 
into ihe peritoneum in amounts up to 100 e. c M u-ually diluted with .-all 
solution; and :20 1o 10 c. c. may he injected by lumbar puncture in menin- 
gitis. Prophylaetically it is used in some clinics before major obstetrical 
operations, and also in scarlatina, with a view to preventing complica- 
tions. In chronic infections or for prophylaxis, injection- of the serum 
may he combined with streptococcus vaccine.-. 

Tin* results seem to justify the use of tin* serum in puerperal infec- 
tions, preferably while the infection is still eon tilled to the uteru.-, and 
iu streptococcal wound infections or peritoniti-, whether a septicemia 
can be demonstrated or not. 

d. A ntipnvuMororntH Srrum 

Various attempts have been made to produce an effective serum for 
use in pneumonia and other pneumococcus infections. Router ( It'd) has 
prepared a mixed serum From several specie,- of animals by injecting 
horses, cattle, and sheep with numerous strains of pneumococci fre-hly 
isolated from the human body. The serum contains agglutinins preci pi- 
tins, and bactericidal and baetcriotropie substances, and Router thinks 
also an antitoxic product. lie reports success in the treatment of ulcus 
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serpens. Others conclude that pneumonia runs a milder course under 
the treatment with the serum, and that the pneumococci disappear from 
the blood (Passler, 113). The majority of clinicians, however, do not 
seem to be convinced of its value. Merck dispenses a similar polyvalent 
serum. It is standardized so that 1/100 of an antitoxin u ni t will pro- 
tect a mouse against 10 to 100 lethal doses of pneumococci. 

In infections of the eye some drop the serum into the conjunctival 
sack, but Rdmer uses from 10 to 100 c. c. subcutaneously, and he thinks 
that the frequent failure of the serum is due to the use of too small doses. 
In treatment of pneumonia he recommends large intravenous injections 
diluted with salt solution. The nsnal dose is 10 to 20 c. c. for adults, and 
5 to 10 c. c. for children. 

e. Antigonococcus Serum 

In the serum of animals immunized to gonococci Torrey has demon- 
strated agglutinins, precipitins, and bactericidal and complement fixative 
bodies. Rogers and Torrey (118) have introduced a polyvalent serum 
prepared by immunizing rams by intraperitoneal injections of several 
strains of gonococci, which differ in their agglutinative properties. The 
serum is standardized by agglutination testa. 

A number of clinicians report the successful use of the serum in 
gonorrheal infections of the joints and tendon sheaths, and to some extent 
in subacute or chronic urethritis and epididymitis (Thomas, 143). They 
agree that it is without effect in acute conjunctivitis and urethritis. The 
dose is 2 c. c. subcutaneously every two days. The injections usually 
cause a temporary reaction in the lesion. 

f. Antidy sent eric Serum 

In bacillary dysentery the bacilli multiply almost exclusively in the 
intestinal tract and are very slightly affected by immune bodies in tbe 
serum of the patients. On the other hand, the symptoms in severe cases 
are due largely to the absorption of toxins into the circulation. The 
Shiga type of dysentery bacillus produces a soluble toxin in culture, to 
which horses are very sensitive. 

Very good results are reported from European clinics following the 
use of an antitoxic serum in the severer types of dysentery (Skschivan 
and Stef Husky, 133). Injections of from 10 to 60 c. c. are given sub- 
cutaneously every two or three days. In America the disease is usually 
due to the Flcxner type of bacillus, which does not produce a soluble toxin. 
This makes the production of a satisfactory serum more difficult, but en- 
couraging results have been obtained with a serum of horses immunized 
13 A 
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to dead cultures of this bacillus (Guv, i»G). The clinical use of such ii 
serum is si ill in the experimental si up*. 

In Egypt, where both types of bacillary dvseuteiv neeur in very se- 
vere form, serum treatment has been .-ueees-fully employed. A series of 
84 eases were treated with a multivalent serum ami there were *even 
deaths. Th(‘ mortality in the same hospital in cums treated without serum 
had been about (50 per cent. (KtilTer and Willniore, 1 -«*>)• 

g. Anl'ihjphoiil Si rum 

Attempts to treat typhoid fever with immune sera have met with hut 
little success. The serum of ( ’haiiiemes.-e (do) is ohlaiued from horses 
immunized for a year or more against typhoid haeilli and again*! toxins 
obtained from old broth culture*. According to the reports of ('haute- 
niesse, the serum shows both opsonic and antitoxic properties when tested 
in laboratory animals. In his clinic, patient* are given an injection of 
about live drops subcutaneously, and the temperature* usually falls within 
ten days after the injection. Enlargement, of the spleen, an increase in 
the* blood pressure, a rise in the opsonic index, and improvement in tin? 
general appearance of the* patient have* also been noted. 

From lt)0l to 11)07 one thousand eases were treated with a mortality 
of 4.o per cent. The* mortality for typhoid fever in other Pari* hospitals, 
during the same period was 17 pe*r cent. Except by < 'hanlemos-c, t he* 
serum lias not been extensively used. 

Others have* tried to neutralize the typhoid endotoxin* by injecting 
sera of animals immunized against extract* of the* bacilli t Krau*, s7; 
Hewlett and Goodall, 07), The patient-' appear In be better after the 
injections, but. tin* mortality percentage has not been distinctly affected. 

h Atili-Cohiti-llafithis Si-rum 

Various experimenters have attempted to produce a curative serum 
for list* in colon infections, but with very little sueee-s, To be uf any 
value the serum must be obtained by immunizing an animal against a 
great number of different strains. The most favorable result* have been 
reported in local applications in cystitis and puliti*. but may be dm* 
largely to tho action of tin* substances normally present in any serum 
(see p. 17:2). 


i, A n i islet phijlonwvus Sent m 

There are several antistaphvlocoecus sera on the market, but. very 
little ivS known experimentally oi* clinically as to their value. The staphy- 
lococci produce a soluble hemolysin, a leukoeidiii, and possibly other 
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toxic bodies in culture. Substances whieb neutralize these can be pro- 
duced in immune serum, also agglutinins and bacteriotropins, but appar- 
ently such antibodies have little or no curative effect. In staphylococcus 
infection, better clinical results are obtained with vaccines than with 
immune serum. 


j. Antianthrax Serum 

The serum of animals immunized to anthrax has been used with con- 
siderable success in veterinary medicine. It is apparently Just as valu- 
able in human infections, although it has not been extensively tried. The 
best results seem to follow large intravenous injections up to 150 c. c. 


h. Anticholera Serum 

Specific bacteriolytic sera have a distinct protective influence on ex- 
perimental cholera infections; but they have but little effect on the in- 
testinal infections in man. Kraus produced an antitoxic serum by im- 
munizing animals against the ’ El Tor vibrio, a closely related species 
which produces a soluble toxin. This serum is apparently harmless and 
possibly of some value, judging from the mortality statistics, especially 
if used early in the disease. 

The sera of animals immunized to bacterial extracts have given good 
experimental results, but there are no clinical reports as to their value. 

1. Antiplague Serum 

The best known serum is that of Yersin, which is prepared by inocu- 
lating horses intravenously, first with killed, and then with living, cul- 
tures of plague bacilli (Duj ardin-Beaumetz, 41). This serum shows both 
antibacterial and antitoxic properties. Other sera have been produced by 
using the nucleoproteid or watery extracts of the bacilli as antigen. A 
serum containing antiaggressins has also been prepared by injecting ani- 
mals with the peritoneal exudate of infected guinea-pigs. 

The sera exercise a protective effect in man, .which disappears in a 
few days after injection. Choksy (34) treated 1,203 cases with 49 per 
cent, mortality, and reported 74.5 per cent, mortality in cases treated 
without serum. Success seems to depend on intravenous injections of 
large amounts, 20 to 40 c. c., in the first few days of the disease. Masu- 
yama (103) advocates large injections of serum combined with operative 
incision of the buboes as the best method of treatment. 
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ILL Othkr Tyim-s oi* Im mi nk Skua 
a. Anliluhcrruhisix Smnii 

It, is doul)t ful whether resistance to t nbereulo-i- depend- on -mb-taiices 
in tilt* blond, for it is not generally po-.-ible f « * obtain immunity h\ In- 
jection of serum from om* animal into another. It lin-v boon found pos- 
sible, however, to demonstrate numerous antibodies in the sera of immune 
animals ( p. 146), and attempts have been made to treat the disease with 
such sera, although they have never been shown t « * ha\e characteristic 
bactericidal or antitoxic properties. One of the earliest aiiempls at (be 

production of a therapeutic serum was made in lid- enuutry bv do 

Hehweinitz, but its ust» has been abandoned. 

jdarinorelYs anlitubereulo.-is ,-erum i.- the he-t known (loj). 'bltis 
is obtained by injecting hoi\-e< with young bacilli cultivated on a special 
medium. The.-c bacteria are very .-lightly aeid-fa-t and <uppo-.ddy more 
easily absorbed than ordinary bacilli. The animals are suh-equeutly 
immunized to streptococci from phthisical sputum, .-o that the ,-ermu is 
both autituhereuhms and antistreplorueeal. It is u-ually iujeeled sub- 
cutaneously in <loses of 5 to 10 e. e., given dail\ for eight day then 

omitted for eight days, and the course repeated. Thi- treat incut not in- 

frequently gives rise to severe reaction?-, which are attributed either to 
toxins sot free by bacteriolytic action or to serum di-ea-e. It has been 
given intravenously and per rectum, and also injected directly into cold 
abscesses. It has been extensively tried in many clinic-. Stephuui 
reports its use in fifty-eight ease* which had not improved under climatic 
or other forms of treatment, (>7 per cent, of which Were benefited. It is 
hard to reconcile sucli favorable reports with tho-e of others who have* 
decided, after thorough trial, that it is of little or no value. 

iMaraglinnu's serum is prepared by the injection of hor-e-, cow?., or 
calves with tillered cultures of virulent voting tubercle bacilli, and al-u 
with extracts and emulsions of dead organ i-m.-. He claims to have dem- 
onstrated both antitoxic and bacteriolytic properties in thi- -erum, hut 
others have failed to confirm his results (101). He advi-e- it- u-e in 
incipient eases, and good residts have been reported from ramie Italian 
clinics. This preparation has been used little outside Italy, but experi- 
ence with it at the Phipps Institute in Philadelphia indicated that it was 
of very little* value. 

Vallee (144- ) has prepared a scrum by injecting hordes, tir-1 with at- 
tenuated, and then with virulent, living bacilli. The serum is not bac- 
tericidal, but animals immunized with it acquire* the power of con titling 
tubercle bacilli to the point of injection and resisting a general infection. 
The value of this serum has not yet been tested in man. 
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Rickmann (126) Have recently . produced a serum which 
is prepared in horses by first sensitizing the animals to tuberculin by 
injecting’ living tubercle bacilli intravenously, and then immunizing them 
by increasing doses of tuberculin. Most of the antibodies found in anti- 
tuberculous sera may be demonstrated in this preparation, and it also 
has tlie power of rendering tuberculin atoxic when mixed with it in 
vitro, and has a certain protective action on laboratory animals. 

This preparation was tried in twenty cases of severe tuberculosis, a 
few of which showed very striking improvement, and has also been used 
in combination with tuberculin. 

►Spongier (138) has introduced a preparation of tuberculosis immune 
bodies called I. II. on the theory that these are contained in the red cor- 
puscles. The antibodies are freed from hemoglobin and albumin, but he 
does not state the method of preparation. Most of those who have at- 
tempted treatment with I. K. agree that it is worthless. 


b. Antithyroid Serum 

On the theory that the symptoms of Graves’ disease are produced by 
intoxication with excessive thyroid secretion, an antithyroid serum has 
been prepared by Beebe and Rogers (8) for the treatment of this con- 
dition. By injecting rabbits with the proteins of human thyroids, they 
obtained a serum which they consider has specific cytotoxic properties 
against human thyroid cells. Others have doubted the existence of cyto- 
toxins specific for any organ, but in any case precipitins can be demon- 
strated in this serum; and, when injected into other rabbits, it neutral- 
izes, to a certain extent, the toxic effect of human thyroid protein. In 
patients with the symptoms of severe thyroidism the serum often relieves 
them in a manner suggesting true antitoxic action. Only certain individ- 
uals respond to this treatment. The serum acts most favorably in early 
cases of typical exophthalmic goiter. In atypical cases, where the symp- 
toms point to an abnormal rather than an excessive thyroid secretion, 
some benefit has followed combined treatment with antithyroid serum 
and sheep thyroid (see also Vol. Ill, Sec. IV, Chapter VII). 


c. Deutschmannfs Serum 

This is a non-specific serum obtained from animals which have been 
fed with large quantities of yeast. There is also a Serum E which con- 
sists of the globulins of the original serum precipitated by distilled water. 
It is supposed to be useful in all forms of sepsis, and to act on the leuko- 
cytes as a stinmlin ; and pei’haps also to stimulate the formation of anti- 
bodies. However, tests for various antibodies in vitro and for protective 
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action in laboratory animals have .shown very III t It* difference between 
Deutschuiami's preparation and normal srnim ( I itn-kln *fl\ H). 

Good results are reported from DeuIxdnuannV elinie in septie inf* *<*- 
lions of flu* eye, but in flu* bunds of other." the serum Mas given negative 
results. Deutsehinann advocates daily subcutaneous injections of from 
4 to S o. e. 


(1. A u lost* rulhr ra/n/ 

Favorable results have from time to lime been reported in cases of 
tuberculous pleurisy with effusion, from the injection of small amounts 
(1 t.o f> e. e.) of the exudate into the patient's subcutaneous tissues. This 
method was iirst introduced by Gilbert t “>T ) ; and re-uMs in many in- 
stanees in a prompt, absorption of the exudate after from one to six in- 
jections (Nchniilgon, i'20). It. seems to lm\e no effect in mechanical 
hydrothorax and very little on exudates of other than hihereulott" origin. 
The method is purely empirical; some assume the presence of ttdiereuliu 
in the lluid; others, on quite as insullieietil grounds the presence of bac- 
tericidal and antitoxic substances. The injections are usually followed by 
a febrile reaction which may he a factor in the results, 

c. Jhuntm 1 inniunr Hr r uni 

Various attempts have been made to produce immunity in patients by 
injections of serum from individuals who have spontaneously recovered 
trum the same disease 1 , especially in conditions where it is not easy to 
product; a similar immunity artificially in animals. l'n fortunately, in 
the blood of those who recover from a natural infection antibodies are 
never present in a concentration comparable to that produced bv arti- 
ticial immunization, and the transfer of small amounts «.f such weak 
scrum is ineffective. The method has been tried in typhoid fever, epi- 
demic meningitis, pneumonia, infantile paralysis, ami streptococcus sep- 
ticemia, but without satisfactory results. 


Srrum Thf'mpy in tfpoift'tl Frrt>r 

The scrum of horses which have recovered from injections of the 
virus of Rocky Mountain spotted fever contains substances which protect 
guinea-pig’s from infection. Uy repeating flu* injection and then precipi- 
tating the globulins from tin* serum a fairly powerful preparation was 
obtained by Jleincnuuin and Moure ftlfm). There are as yet no reports 
on its therapeutic use. 
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F. PASSIVE NATURAL IMMUNITY 

It is possible tliat natural as well as acquired immunity may be in 
pait transferable from one individual to another, and normal serum and 
extracts of normal cells have from time to time been used therapeutically 
in the effort to produce a passive natural immunity. 


I. Normal Serum 

Various antibodies are present in normal serum, and many patholog- 
ical conditions are attributed wholly, or in part, to a deficiency of these 
or of other normal constituents in the patient’s blood. In a number of 
widely varying conditions attempts have been made to overcome this 
hypothetical deficiency by injections of normal serum. These injections 
appear to control the hemorrhage in many cases of hemophilia and pur- 
pura, and some clinicians have reported success in the treatment of eclamp- 
sia, toxemias, and septicemias. Recently normal serum has also been 
applied locally in surgical conditions where the serum of the blood stream 
does not have free access to the lesion. 

Antiferment Treatment. — The use of normal serum locally in sup- 
purative processes is referred to as “antiferment treatment” (McEwan, 
99). The solution of tissue about acute abscesses is due to the digestive 
action of a leukoprotease set free by the disintegrated leukocytes, and the 
intoxication produced by such infections is supposed to be due to absorp- 
tion of tlie products of this digestion. Normal serum contains substances 
which inhibit this process, probably the same body as antitrypsin. It is 
a tbermolabile substance present in larger quantities in human than in 
most animal sera, but may bo increased in animals by immunization with 
trypsin. According to this method abscesses arc opened by puncture in- 
stead of incision, the cavity being washed with salt solution and then 
filled with the serum. Open wounds arc packed with gauze saturated 
with serum. The serum may be obtained from the patient or from a 
normal individual by puncturing a vein; or sterile ascitic fluid, fresh 
or concentrated in vacuo, may be used. Normal animal serum contains 
less antitrypsin, but the serum of animals immunized to trypsin is now 
sold under the name Leukofermantin ; and animal serum concentrated 
in vacuo at a temperature of 20° to 30° C. is also recommended. If 
there is any doubt as to the sterility of the serum, it should be filtered 
through a Berkefeld or porcelain filter. Good results in well localized 
infections have been reported from many clinics, the injection promptly 
relieving the pain in the abscess and the toxic symptoms. The treatment 
has usually failed in phlegmonous or diffuse processes. 

The antiferment treatment has also been applied to malignant tumors 
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by injection of normal MTUin, together with chole-m rin. quiuin, and other 
substances which inhibit ferments, in the uctglihorii'»>d o{ tin* tumor, or 
directly into t lit 1 tumor mass. The result- ha\e tint been encouraging 
(Ilofbauer, 70). 

Fresh serum is bactericidal to many strains »»f colon bacilli]-, and lias 
been instilled into tin* bladder as a cure fur dadocy si it is. h ha- also 
been used subcutaneously in the treatment of puerperal -eplicemia 
(Welch, ir»<n. 

Serum Treatment of the Toxemias of Pregnancy. Eelamp-ia and 
the psychoses and dermatoses of pregnanes are u-ually attributed to 
toxemia, and the use of horse 1 scrum has 1km n advocated <*n the theory 
that, the intoxication is produced by a ferment or toxin fr»>m the placenta, 
against which there an* antibodies in normal serum t F round, 52 i. After 
tin* patient has been hied, 20 to SO e. e. of the -orum arc injected in- 
t ravenously, Suec(*ss has been reported in tla* small itmub a* of ciNs 
1r(*atc*d. Others prefer to use* the serum of normal pregnant women in 
which they think the antibodies must he more abundant {Mayor, HUt. 
Normal human serum has also been used with apparent -ucce— in these 
conditions, as well as in the treatment of other form- of urticaria, and of 
various infantile dermatoses (Linser, 0 1]. 

Serum Treatment of Hemorrhagic Conditions.' Si rum ha- nl-u been 
used to control hemorrhage (Weil, loo), and Mnve— . ha- been reported 
in hemophilia, purpura lia*iuorrlmgiea, and hemorrhage from oiler cau-c* 
treated by subcutaneous injections. Rabbit scrum «*r le»r-o -ertiiu is 
most frequently used, in doses of It) to 10 e. e„ frequently repeated 
(Leary, 01). Some prefer normal human serum < Welch, K»«>i. 'Hie 
results seem to be better when the serum i- quite fresh. iVrhap- tin* 
simplest method is to draw 20 e. e. of blood from a healthy donor b\ iihmih 
of a sterile glass syringe, and inject this directly into the patient, either 
subcutaneously or intermuseuhirly, before the blood eoac.nl. if* Whole 

blood injected in this way is rapidly absorbed. 

While the mechanism of its influence is not understood, the value of 
tlie treatment seems to he empirically established. Experience D a- yet 
too limited to determine in just wlmt (‘lass of hemorrhagic conditions 
good results may be expected, but, from a considerable -one- of ea-e- at 
the Sloanc "Maternity Hospital, it would seem especially valuable in 
hemophilia of the new horn. 

Intramuscular injections of 10 to 50 c. t\ of fresh deiihriuaied human 
blood liave been used in the primary pernicious and severe secondary 
anemias. The benefit, in such cases is thought h> be due to stimulation of 
blood formation, and not to a direct transfer of erythrocytes < Huber. 72 ). 
Direct transfusion has also been tried, and, while often of value in sec- 
ondary anemia due to hemorrhage, has often proved dangerous or even 
rapidly fatal in the progressive pernicious anemias of the l Renner type. 
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Preliminary tests should always oo made in vitro for hemolysins, ag- 
glutinins, 01 liemopsonins with blood from donor and recipient (Hop- 
kins, *1)* Seriun obtained from the renal vein of goats has been used 
in nephritis, a procedure which seems somewhat fantastic (Spellman 
and Parisot, 137). 

Normal Serum in Alimentation. — Injections of human serum have 
also been used as a means of alimentation, especially in marasmie infants. 
The use of horse serum, heated to 02° C. for half an hour to prevent 
serum sickness, has also been advocated for a similar purpose (Kirton) ; 
others use human ascitic fluid (Carter, 32). To obtain good results, it is 
necessary to inject large amounts, 30 to 150 c. c. 

II. Leukocyte Extract 

The usual method by which an organism rids itself of invading bac- 
teria is through intracellular digestion in the leukocytes. It has also 
been thought by JVIetelmikoif and others that the cytaso produced by 
destruction of tlie leukocytes is an important factor in the extracellular 
destruction of bacteria. Hiss and Zinsser (08) liave prepared an extract 
by injecting rabbits intrapleurally with aleuronat suspensions, wa shing 
the leukocytes in the exudate so obtained, and digesting them with dis- 
tilled water. They have used this extract in the treatment of numerous 
infections, principally those in which flic bacteria act through their endo- 
toxins, and in which immune sera have proved to be of little value. They 
have boon able to protect animals against experimental infections with 
numerous organisms by injections of this extract, and they have obtained 
encouraging results in the treatment of lobar pneumonia, epidemic menin- 
gitis, and staphylococcus infections in man, and apparently distinct suc- 
cess in the treatment of erysipelas. 

G. TREATMENT WITH BACTERIAL PRODUCTS 

The use of lactic acid bacilli to inhibit intestinal putrefaction is 
familiar to all, and recently cultures of staphylococcus aureus have been 
recommended to remove diphtheria bacilli from the tonsils of bacillus car- 
riers. The enzymes and toxins of bacteria have also occasionally been 
used, not to produce immunity, but on account of their directly destructive 
action on parasites or diseased tissues. Two of these preparations have 
aroused so much discussion that they deserve mention. 

I. Pyooyanase 

The B. pyocyaneus produces a proteolytic enzyme in culture which 
has a destructive action on other bacteria (anthrax, typhoid, diphtheria). 
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Emmerich ami Low (11) have prepared thi- unclear' fur therapeutic 
use, especially in diphtheria. Applied loealh, it ha** a marked elTeet on 
tlic* tli j »ht lit* rit ii* membrane, but does not neutralize the diphtheria toxin 
(Strubell ). While it seems hardly justifiable to -ub-titme this for the 
antitoxin treatment, it has proved of some value in removin'* tin* bacilli 
from the throat in eases where ihey per-i.**led after convalescence. Soren- 
son (ldO), after trying it in comparison with other di-iufrelanls, |\»und 
that it. was successful in some eases where nitrate of -ilver had failed, 
but. was slightly inferior to LoelllerV menthol-toluol iron -»«dutiott. It. haw 
been used locally in treating anthrax. The >uh-tunee U prepared by tiller- 
ing broth cultures of I>. pyoeyaueus which have grown for several weeks, 
through a Ilerkefeld filter, eoiieeut rating tu mrun , and dia!\/.iug against 
running water. The ferment is then precipitated by alcohol and preserved 
in dried form. 

31. Ntrki'Tihuhmth and Pnnmmusrs Toxins in run Tkkvtmknt ok 

TtWIOliS 

An attack of erysipelas has, in u few instances, been reported as caus- 
ing the* regression or even disappearance of .-nrcomntn; and Kehlci.-eii 
(•Hi) tdaiuied to have* cured eases of eareiuoiua hy inducing erv-ipelas hv 
inoculations of streptococcus cultures. Oulev ( i»7 ) and oilier-, intluenced 
by these* statement*, have attempted to treat malignant tumors hy the 
injection of killed cultures ami liltrales of culture?-; and the preparation 
now recommended hy (\>lev is a bouillon culture of -trcpineucciis >1 enl- 
isted by heat, to which a certain amount, ed* a sterilized agar culture of ll. 
prexligiosus has been added. Increasing doses are* injected subcutaneous- 
ly, or later directly int«» the tumor. It is preihuhlc that the toxin- have* 
a harmful elfeel on the* sarcoma cells, as the* tumeir oecn-ionally hre*aUs 
down; but it. is not. unlikely that the inllammalory reaction about llu* 
tumor has much to do with the* outcome, 'flu* effort** of the injections 
are very severe*, and in some instances the death of the p.ifienl has un- 
doulitedly been hastened. (Sdey recommends the* use of the tluid in all 
cases of iitopcvahh* sarcoma; and, in certain eases ed' tin* relatively he 
nign sarcoma of the long bones, as preferable* tee amputation. He* also 
recommends if after the* operative removal of sarcomata, to prevent re- 
currences. If is acknowledged to be of no value in carcinoma, but Coley 
reports a number of cures of sarcomata by this treatment, though ehielly 
of the more benign varieties, and Loch (t»r>) collected 7* ea-es with f> per 
cent, of cures, which is certainly a high proportion; lmt n» *Un1cuicut is 
made as to whether a microscopical examination was made of the tumors 
or not. On the other hand, many surgeons have* been unable t*> obtain 
tin* slightest success with this method of treatment, and it should never 
be used where operative interference oilers the slightest, hope. 
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H. IMMUNE THERAPY AND MALIGNANT DISEASE 

Spontaneous cure of carcinomata or sarcomata has heen observed with 
extreme rarity in man, while in animals it is not infrequent. This phe- 
nomenon has led to an enormous amount of investigation of the condi- 
tions under which such cures occur in animals, without as yet »any satis- 
factory explanation, much less any practical application, having been 
obtained. It has, however, been shown that a certain proportion of mice 
and a few oilier animals can be immunized to tumor implantations under 
strictly limited conditions. Again it has been found possible in suitable 
animals to cause actively growing tumors to regress or disappear by the 
injection of emulsions of the tumor; or even of normal blood or tissues 
other than their own. A slight hut inconstant immunity has even been 
noted by Woglom (158) following injection of the animal’s own. spleen. 
The immunity obtained by any of these methods, however, is a tissue 
phenomenon, and can not be transmitted by the mere injection of serum 
or even by the transfusion of the entire blood mass of the immune ani- 
mal, unless the recipient already has a growing tumor. The immunity 
does not, therefore, correspond with that observed in infectious diseases 
(Beebe, 7). The favorable results obtained by Hodenpyl (69) in carci- 
noma cases from the injection of ascitic fluid derived from an arrested 
case of general carcinosis were, in all probability, due to the stimulating 
action of the serum administered, and not to any immune body in the 
fluid. This is shown by the fact that quite as good effects have been 
obtained by the injection of fresh human serum from the placenta. 
The serum of animals immunized against human carcinoma tissue has 
also been used. Such sera contain numerous antibodies, such as precipi- 
tius and evioxins for albumin and cells of human origin, but possess 
no specific action against tumor cells. A variety of attempts have also 
been made to treat malignant disease in human beings with injections of 
a great variety of tumor cell emulsions (Coca and Gilman, 35), and more 
or less modified extracts of tumor cells (Vaughn, 145), with a few sug- 
gestive results. Even autolysates of human fetal tissues have been tried 
(Eichera, 47) , with the idea that, as children rarely have carcinoma, there 
must be some antisubstance in fetal tissues. 

On tlie whole, however, neither active nor passive immunization has 
as yet proved to be of any definite clinical value, even though temporary 
regression of the tumor has occasionally been observed. The possibility 
of a spontaneous cure must always be held in mind in judging of the 
results in any individual case, and many of the results obtained are 
doubtless due more to the stimulation of the normal tissue resistance to 
the extension of the growth than to any direct action on the tumor cells 
themselves. 
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I, METHODS OF ADMINISTRATION OF SERA AND VACCINES 

The usual method of administering -era nr vaccine- in man is hv 
subcutaneous injections. The slow absorption from the areolar tt*»-ue h 
usually advantageous in the rase of vaccine-*, hut to. tv interfere with the 
eilteacv of antitoxin. Madsen injected suhcutaucnu-R l'o e. e. of anti- 
diphtheritic serum ( b,000 units) into a healthy man. Ki\e hour*; after 
the injection his scrum contained only <hl unit of antitoxin, the amount 
increasing to a maximum of 1.1b units only after three da\-. Two weeks 
aftt‘r the injection the serum ?st ill contained 0.1 l unit per c. c. Absorp- 
tion from the muscles is five to seven times as rapid as from the subcu- 
taneous tissues, and injections may lx* made deep into the glutei or the 
museles of the thigh. If immediate action is desired, fi'i'nitrs 1 may he 
had to intravenous injections, The.se need never he Used in active im- 
munization, bill in seven* cases id’ diphtheria, for instance, or in cases 
where tetanus has already developed and the oitteome of the treatment 
depends entirely upon the promptness with which the .serum reaches the 
toxins, intravenous injections arc of tin* greatest value. Administration 
by mouth cannot be recommended, as both antibodies and antigen- arc 
destroyed by peptic and in time by tryptic digestion ; and absorption from 
the alimentary tract is very uncertain. Serum is absorbed to some ex- 
tent. from the rectum, but (la* favorable retail t> reported after oral or 
rectal administration gre probably largely due to aeeidenfal improvement 
in the patient 'a symptoms coincident, with the exhibition of the remedy. 
Neither of these methods should 1«* used if good results ;u- ( . expected. 

In local infections it is often of advantage to bring the immune bodies 
into direct, contact with the invading organisms. In nteuiugifi- the wvimi 
is introduced sulalurallv; and in tetanus injections Into the ti— .tic.- about 
tlic wound arc used. 

Injections may be made with any syringe which can he -terilized by 
boiling in one per cent, sodium carbonate. The all glass swinges are the 
most convenient from many points of view. They are ea-v to dean, with 
strong acids if necessary, and the condition of the thiid to be injected 
can be easily observed. This is important, as small particles of cork or 
other foreign matter accidentally present in the fluid will give ri-e to 
serious irritation if introduced into the tissues. The only drawback is 
that the all-glass syringes are more fragile than those made with a-be-tos 
packing and metal tips. The needle should he large enough ( X»*. lib \ 
to allow the serum to flow through without great pressure. Platinum 
needles arc very convenient, as they can lu- cleaned and sterilized by beat- 
ing in a flame, hut they are very expensive, and in the smaller sizes ditti- 
evdt to keep sharp. With children or delirious patients who are likely to 
move about, it is advisable to connect the needle to the syringe with a 
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short piece of rubber tubing. The needle and syringe should be sterilized 
by boiling for at least five minutes in 1 per cent, sodium carbonate solu- 
tion. The plunger and needle of the glass syringe should be removed 
before boiling, and an asbestos-packed syringe should be partly filled with, 
the solution. It is, of course, essential not to touch the shaft of the needle 
with the hands after it has been sterilized. 

Very small subcutaneous injections (2 c. c. or less) may be given in 
the arm near the deltoid insertion. Larger injections may be given in 
the interscapular region, or, if the patient is in bed, in the anterior ab- 
dominal wall. When the amount to be given is over 10 c. c., it is well to 
divide the dose and givo several injections in neighboring areas, as tlie 
procedure is then less painful. Intramuscular injections may be made 
into the quadriceps extensor femoris, the lumbar muscles, of tlie glutei. 
Intravenous injections arc best made into one of the cubital veins. A rub- 
ber tourniquet or bandage is placed about the upper arm tight enough to 
constrict the veins and cause them to distend. The needle is introduced 
through the skin directly into the distended vein, and, when the vein is 
successfully entered, as shown by blood dripping from the free end, the 
syringe is attached, the tourniquet is loosened, and the serum is very 
slowly iujeeied. It is safest to inject drop by drop. One should make 
sure that (lie syringe contains no air hubbies, and the serum should be 
warmed approximately to body temperature before the syringe is filled. 
Sera which contain antiseptics should not be given intravenously in 
very largo amounts, but as much as 18 c. c. of a preparation containing 
% P<?r cent, phenol has been , given without producing any urinary 
changes. In animals, and probably in man, the danger of severe re- 
action is much greater after intravenous injections; in patients who 
have previously received scrum treatment, it may be well to precede the 
injection by a small vaccinating dose. The technique of subdural injec- 
tions is tlie same as that for lumbar puncture (see Vol. II, Sec. I, Chap- 
ter NIT). The patient lies on his side with the knees drawn up as far 
as possible, so as to separate the spines of the vertebrae. The skin over the 
lower portion of the spinal column is cleaned, and a long stout needle is 
introduced between the third and fourth lumbar spines, this space being 
at the level of the iliac crest. Tlie needle is inserted forward and slightly 
upward through tlie interspinous ligament to a depth of about an inch and 
a half in the spinal canal. When the needle reaches the subdural space 
fluid will drip freely from the end. After 20 to 30 c. c. of spinal fluid 
have boon, withdrawn, the syringe is connected with the puncture needle 
by a short rubber tube, and an amount of serum equal to the quantity 
of fluid removed is very slowly injected. The serum should be warmed 
to about body temperature. 
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CONCLUSIONS 

KfTorl.-' to apply the principle «d* immunity to prophylaxis ami therapy 
have met with greatly varying degree- of Mieee**** in different. dis- 
eases. Smallpox has been almost eradicated from civilized countries by 
tilt* list* of vaccine. In diphtheria, antitoxin confers an equally h i«»’li de- 
gree of immunity, though of very short durati* u. The value of ante 
typhoid vaccination is also fairly well established, although the proteelion 
conferred is by no means so ah.solnte nor ^o lung-lauding as that in small- 
pox. Inundation against plague sente to he useful, and it is possible 
that similar methods may finally prove important against cholera anil 
dysentery. Rabies and tetanus can he almost eertainly prevented if im- 
munization is begun early in the ineubatiuu period. So much is certain 
in the prophylaxis of infectious diseases. 

In the treatment of the disease, after the symptoms have developed, 
antidiplilheritie serum and, t<> a less extent, antimeuingitis serum are of 
established value. Antitoxin is also apparently helpful in the treatment, 
of tetanus after the outbreak of symptoms, and autiwniu and antistrop* 
tocoeeus serum have given encouraging though far from satisfying results. 
The value of haeterial vaccines in cerium chronic staphylococcus and 
gonneoeeus infectious seems established, and there is reason to hope that 
some success may follow their use in other chronic infection's and even 
in pneumonia and typhoid fever. In experienced hands tuberculin is cer- 
tainly' beneficial in selected cases, hut too little is yet known of its action 
to warrant the general use of lids most powerful drug hy the practitioner. 

The attitude of the general practitioner toward these various thera- 
peutic measures must depend largely* on the statistical results, and not 
on theoretical considerations. Of the many' preparations de-erihed* there 
are five on which the physician can rely'. There is, for example, no drug 
in the pharmacopeia the value of which is better established than is that 
of diphtheria antitoxin, and the invariable u-e of serum therapy in diph- 
theria and also in cerebrospinal meningitis is dearly indicated in tho 
light of our present knowledge. The duty id’ the physician to vaccinate 
his patients against smallpox and to immunize those in whom infection 
with rallies or tetanus is suspected also seems plain. In such desperate 
conditions as developed tetanus and streptococcus septicemia tile ust* of 
serum also seems just i tied, oven though its value is much less certain. 
There* are a number of other specific preparations which the practitioner 
may occasionally find useful, hut, in regard to most, of them, it should 
be remembered that, their application is still in 1 he- experimental stage; 
and that, the greatest, caution is necessary' to avoid occasional injury to 
patients by their administration. The place for the trying out of such 
methods is the hospital or clinic, where results can be more thoroughly 
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observed and controlled than in private practice, and statistics of large 
series of cases collected. The greater part of these preparations, espe- 
cially the tuberculins and other vaccines, are potent for harm in inex- 
perienced hands, and it would probably he better for the community if 
they were used only by those whose laboratory training and wide experi- 
ence enable them to make a special study of such forms of treatment. 
Even in clinics, trial should be confined to methods the efficacy of which 
has been tested in the laboratory. The very valuable work of Wright 
and his pupils especially has led to an unfortunate tendency to the in- 
discriminate and aimless use of vaccines, even in the treatment of con- 
ditions which have never been shown to be of bacterial origin. Little but 
harm can result from such random experimentation. Immunization 
against diphtheria and vaccination against smallpox were not attempted 
clinically until the probability of success had been clearly indicated by 
experiments on animals in the one case, and by study of spontaneous 
human infections in the other. Not all the methods of immunization 
that have given promise of success when tried in the laboratory have 
proved useful in the clinic, but, on the other hand, good results have 
never followed the introduction into practice of methods of immunization 
which were not based either on laboratory experimentation or on carefully 
developed theories supported by clinical observation. However, it is not 
to be doubted that, by the cautious and systematic application of new 
laboratory methods to the treatment of infections in man, other forms 
of immune therapy will he discovered of as great importance as the serum 
treatment of diphtheria or vaccination against smallpox. 
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HYDROTHERAPY 

ITlSTOKUWI, r VrUOIU'CTlON' 

Man from his advent lias daily experienced tin* heiielieent art ion of 
water. Instinctively he drank when thir>t\, washed when unclean, and 
liatlic'd \v]i<‘ii tired and healed. The knowledge that water is e-“.eittial b> 
the maintenance of lift* was among the lirst of all human acquirements. 
The relation of vegetation to water and the clcuiedmr action of the rain, 
streams, and seas must, have been recognized even h\ the earliest forms 
of human intelligence. Primitive man felt the need of water, saw its 
wide dominion in the world, wondered, perhaps, at the mysterious forces 
which dictate its form and motion: and in hi* dawning* imagination en- 
dowed it, with preternatural powers. 

Symbolism characterizes all primitive mental expression. It, was 
therefore natural that, man should use water, not merely when ministering 
to his bodily cleanliness, hut. also when striving to convey ideas of moral 
puriiieation. As late as the beginning of the t'hri-tinn era we find this 
application of water even among the cultured Roman**. Pontius Pilate, 
when lie wished to disclaim all guilt, and responsibility for the ( 'rucilixtott, 
called for water and washed his hands before tin* comprehending eyes of 
tlic clamoring mob. 

Analogous use* of water entered into spiritual mutters. Today Hin- 
doos still seek grace by bathing in their sacred stream**: Mohammedans 
perform extensive ablutions as ail essential preliminary to prayer; dews 
wash in prescribed fashion at, tixed periods in order !»> conform to the 
law; and Christians are sprinkled with, nr immet>ed in, water to wash 
them from the stain of “original sin” in the sacrament of baptism. 

This symbolic use naturally led to the* iucltiMou among religion** prac- 
tices of the application of water in the treatment of men* bodily ailments. 
So hydrotherapy developed under sacred auspices, and the use of water as 
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a healing agent acquired the dignity of a religious ceremony. Waters 
from sources distributed over the greater part of the Old World gained 
more or less local reputations for special efficacy. Sometimes a natural 
peculiarity lent awe to these waters and served to strengthen faith in their 
remedial powers. The periodic filling of the well of Bethesda in Jeru- 
salem and the annual rise of the Rile are typical examples of such peculi- 
arities. The moment of the appearance of these unique phenomena sig- 
nified 1o the faithful that the endowed waters had then attained the climax 
of their curative powers. 

In some instances the special attributes of the waters were disclosed 
by revelation or by happy experience to the pious. To some sources was 
given a specific virtue; thus, the famous well of St. Triduana and the 
waters of Siloam were efficacious in eye diseases ; lepers were made clean 
in the Jordan; abdominal diseases were healed at the well of St. Gin- 
golph ; and madness, sterility, and most other afflictions were cured by 
waters from appropriate sources. The Jordan, the Rile, the Ganges, the 
well at Enimaus, and a few other holy waters possessed so wondrous 
powers that they acted practically as panaceas. 

The waters of Bethesda now rise almost unheeded ; the pious blind no 
longer seek the once all-powerful -well of St. Triduana ; and, except among 
the adherents of the Greek Church, faith in the properties of the sacred 
waters of the Jordan is almost dead. As the popularity of one source 
ebbed that of another rose. In our own times to the well at the Grotto of 
Lourdes, near the Pyrenees, and that of St. Winifred at Holywell, in 
Wales, seem to have been transferred many of the marvelous properties 
which centuries ago were vested in the holy places of the Orient. Prom 
these wells wonderful cures are daily reported by eminent physicians 
whose belief in the verity of the phenomena they record is above suspicion 
and beyond question. 

[The modus oporandi of these cures may he just as satisfactorily ex- 
plained in other ways and, moreover, the cures can he performed in many 
other ways. — Em Ton.] 

Although substances of greater potency, hut of less traditional and 
spiritual force, have had their day and now are irretrievably forgotten, 
water has preserved throughout the ages its reputation as a remedial 
agent, owing largely to this fostering by religious bodies of faith in 
hydrotherapy. 

The rudely material benefits of bathing were early appreciated. So 
widespread in ancient times was the custom of bathing that the Greeks 
and Lacedemonians had not only private, hut public baths. Alexander 
the Great is recorded to have marveled at the magnificence of the baths 
of the conquered Darius. But the apostles of bathing were the Romans. 
The Romans elevated bathing to a cult. The splendor of their baths is a 
salient feature of their civilization. In the Roman conquests a bath was 
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built as soon as (Ik* barbarians gave (Ik* invaders a moment's leisure. The 
more settled the* new colony (In* more ornate was (he bath* Elaborate de- 
scriptions of (liese early baths ami interminable di>sertat ions upon bade 
ing survive in the writings of many of the ancient authors, particularly 
Pliny, Seneca, and Juvenal. The use of water alone was not f ndiionublo 
even in the humblest baths. Oils, perfumes, spice-*, and other adjuvants 
enhanced the esthetic* pleasures of these institutions. Together with bath- 
ing the Romans associated massage* ami phv-ieal exercise*. The untram- 
meled license which characterized many of the public baths of the Romans 
brought, bathing under the ban of the reforming zeal of the early Phristiun 
Fathers and perhaps conduced to the* not over-scrupulous cleanliness which 
sometimes served to eke out tin* penance of the pious anchorites who rt*- 
lired into desert places, and to the strikingly insignificant rule which wafer 
plays in the ritualistic practices of the* Christian church. 

The Roman influenec upon bathing is accentuated in our period partly 
because the Romans were so prodigal in their bathing resources, but mainly 
because our civilization is in direct succession to theirs. Rut knowledge 
of the cardinal uses of water probably dales from the dawn of man. The 
ancient Egyptians, Piets, Celts, Turks, Moroccans, .laps, Indians, and 
Mexicans all used forms of vapor baths. Resides baths of water — ice, 
vapor, hot, cold, river, spring, well, and sea water other media such as 
sand, mini, peat, wine, milk, and even blood were used. 

The therapeutic, use of water by physicians is as old as the art of medi- 
cine. Hippocrates was hardly an enthusiast for baths, but he advocated 
them under certain conditions in several of his writings. Cdsus praised 
house baths but was reticent about the use of mineral waters. A retails 
of Cappadocia, Atlierucus, and Rufus of Ephesus wrote at length upon the 
merits of certain thermal baths. Agathinua was the apostle of cold baths. 
Galen said little of baths. Fallopius alluded to the diseases which may 
be benefited by the water at Lesbos, Mitylene, and other places. Anlyllns, 
Oribasins, Hit ins, Paul of -Egina, Ctclius Aureliamis, and counties others 
through the ages lauded the uses of water. To enumerate the physicians 
who have practiced water treatment would be merely to catalog the fathers 
of medicine. But. until the scientific renaissance of the had century the 
properties and actions of water remained clouded in superstition and 
empiricism. Tile pioneer work of Winternitz, Rrutenhach, Baruch, 
Thayer, and others has now definitely established the physiological prin- 
ciples upon which the action of water depends. Out of flu* chaos a certaiu 
amount of order and system has been evolved; a rational basis for the 
therapeutic employment of water has been defined ; and the science of 
hydrotherapy, which deals with the action of water upon the human lualy, 
lias been erected. 

Here we shall confine our attention almost exclusively to water. The 
physical characters of water will first be considered; then the physiologi- 
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cal principles of its various actions will be discussed; next, the ways in 
which it can be used will be described ; and, finally, its application to dis- 
ease will be dealt with. 


Properties of Water 

A brief outline of the properties of water is essential to a clear under- 
standing of its uses. Its distribution is universal. It exists in and can 
readily be transformed into solid, liquid, or gaseous form. Under or- 
dinary atmospheric pressure, at the temperature of 0°C. it becomes ice; 
between 0° and 100°C. it is liquid; about 100°0. it exists as steam. In 
changing from fluid to ice a remarkable absorption of heat takes place: if 
a kilogram of water at 0°0. and a kilogram of water at 79 °C. be mixed 
the resulting mixture has a temperature of 39.5 °C. ; but if a kilogram of 
ice at 0°C. be added to a kilogram of water at 79 °C., the ice disappears 
and two kilos of water with a temperature of 0°C. remain. This heat ab- 
sorption explains the great efficacy of ice baths in bringing about a lower- 
ing of temperature in cases of fever. Similarly in passing from liquid to 
steam a tremendous amount of heat is rendered latent; hence allowing 
water to evaporate from a surface is one of the best means to produce 
cooling. Further, water has a great capacity for absorbing heat; thirty- 
one times as much heat is required to raise one unit of water through one 
degree of temperature as is required to raise one unit of platinum one 
degree. Water cools relatively slowly. It is therefore invaluable as a 
medium for abstracting heat, for storing heat, and for applying heat. Its 
utility as a thermal agent is further enhanced by the ease with which its 
temperature can be measured, regulated, and controlled. As a fluid it 
mixes with solids to form pastes, the consistency of which can be altered 
at will ; it also permeates most textures, so that its application can be re- 
stricted or adapted at will to any surface. It is the most universal of all 
solvents: its solutions of salts and gases are applied externally as 
baths; it is an ideal vehicle for the administration of all soluble sub- 
stances, and it is used in the economy as a distributing and eliminating 
medium. 

Water can readily be applied with varying and regulated pressure. 
This property is utilized in forms of spray and douche baths. 

When water holds a small amount of a salt in solution it is one of the 
best of the electrical conductors and can be used to insure intimate con- 
tact between the body and electrodes, or a bath may be arranged in a 
circuit, through which faradic or galvanic currents may be passed. Wher 
currents are passed through aqueous solutions decomposition or electrolysis 
of the solution occurs. Thus, the constant current decomposes water into 
hydrogen and oxygen. The elements at the moment of liberation froir 
their co m po unds are said to be nascent. The action of the nascent ele 
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molds produced 1»\ siicli elect rolxsib \> rclati\el\ pM\\*M*tul ami is utilized 
in certain forms of bailie. 

Water is thus nu ideal medium for the application of ph\'-icn| agents 
owing to tin* simplicity, precision, ami rapidity with which the-c physical 
forces can through it 1»«* controlled. Its power in combating di-m^c dc- 
pciuls almost solely on its property as a medium. It- pli\ biological nc- 
tion is therefore essentially that of the physical b*m* which it U t>un\ ey- 
ing. We shall, therefore, before proceeding to the therapeutic uses of 
water briefly consider the actions of heat, cold, pressure, and electricity 
upon the body. 

Tin 1 pioneer work of Winternitz of Vienna laid the foundations of 
most, of our knowledge of the physiological action of water. The chief 
sphere of hvdriatic medication is the .skin. The ph\ biologic action of 
water upon the skin is very simple. So fa-r as hydrotherapy ib concerned 
the skin may he regarded as a great sheet of imperfectly shelter* <1 blood 
vessels and nerves. Tin* clTert. produced by water upon the skin i- merely 
the expression of the reaction of the blood vessels and imncb to the physi- 
cal forces applieil by the water, ('digestion or mehemia of a part depends 
upon the state of the blood tlow in the capillaries; the capillary stream is 
controlled mainly by the eoutraetihility or bum of the arterioles; and upon 
the condition of the arteriole* hangs the etlieieuey of tin* wind** circulatory 
mechanism. The skin is richly supplied with nerve terminals which arn 
elaborated sometimes into special sensory etui organs. .lust as the net- 
work of vascular capillaries opens into larger channels and thu- links the 
peripheral circulation directly with tin* heart, so the terminal cutaneous 
ramifications of the sympathetic ami sensory nerves are gathered together 
into trunks and pass to the* central nervous system. A stimulus to the 
skin thus may powerfully alfeet the vascular and ticvums arrangements of 
the whole body. The skin is in fact an externalized regulating mechanism 
for the circulatory and nervous systems. 

Some areas * if* the skin have certain definite nervous relations h» the 1 
viscera. An organ may he reflex ly influenced through a particular area 
of skin, and affections of organs may retlexly influence special skin area*. 
Our knowledge of these areas wo owe to Head and Mackenzie, and it 
enables us so to guide and restrict our operations that by the simple 
bloodless procedures of hydrotherapy we can influence viscera with as 
much certainty as if wo were exposing them by a surgical operation. 

The skin, however, besides being an organ of sensibility, lias also 
secretory, excretory, and heat -regulating functions. These are f.ul»ervient 
to nervous and vascular control. A stimulation of a cutaiicmi* secretory 
nerve induces an increased tlow of sweat and a local increase in the blood 
supply. An increase in the blood supply usually involves an increased 
sweat secretion. The heat regulation of the body is largely attained 
through the skin. Tn overproduction of heat by excessive muscular action, 
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or in exposure to excessive external beat, tlie cutaneous capillaries dilate, 
and sweating increases; tlie evaporation of tlie sweat from the skin absorbs 
much of the surplus heat from the body. If exposed to cold the cutaneous 
vessels contract and sweating diminishes ; the body heat is thus con- 
served. Urea, xanthin, and other decomposition products of proteid 
metaholism may be demonstrated in the sweat; the sweat glands, just like 
nearly all glands, have a vital selective affinity for certain substances 
circulating iu their blood supply. 

Hut as tlie secretory, heat-regulating, and excretory mechanisms arc- 
merely outward evidences of vascular and nervous activities wo shall first 
consider the action upon these activities of each of the physical forces 
utilized in hydrotherapy. 

Physical agents such as cold act mainly by virtue of their irritant 
properties. Within certain limits of intensity a stimulus to the skin 
produces similar effects, whether it he caused by chemical or physical 
action. Weak cutaneous irritants narrow the arterioles and raise the 
blood pressure ; the increased peripheral resistance thus produced causes 
the heart to contract more rapidly. On the contrary, intense cutaneous 
irritants fatigue and paralyze the normally existing innervation of the 
blood vessels and produce a relaxation and dilatation of the peripheral 
arterioles with diminution of pressure ; at the same time the inhibitory 
action of tlie pneumogastrie slows and intensifies tbe cardiac contraction, 
and, when excessive, may produce death by vagus tetanus. (Roebrig and 
Nnmntum quoted by Baruch.) 

Cold. — The application of cold is perceived with varying delicacy on 
different parts of the skin. The local and general disturbances are de- 
pendent upon the degree and duration of the cold employed and tho extent 
of the area to which it is applied; i. e., to the intensity of tho stimulus. 
Long-continued application of severe cold deletenously affects the vitality 
of the tissues to a degree depending upon the resistance of the tissue ex- 
posed. And when the cold is severe, besides the coldness, a pain element 
is noticeable in the sensation. 

The application of sudden cold produces first a sharp inspiration, 
next a pause, and then a long expiration which is followed by frequent 
and shallow breathing. This reaction is the basis of one of the best known 
and most efficient methods of resuscitation of the still-horn ; indeed, it is 
alleged to be an essential stimulus to the establishment of respiration at 
birth. In breech presentations, in which a premature onset of respiration 
might he attended by fatal consequences to the child, accoucheurs care- 
fully swathe the extended limbs in warm clothes. The effect of cold is not 
confined to the respiratory mechanism; consciousness is stimulated by its 
application, as may be seen in the awakening of the dormant attention of 
hysterics, and in the sobering of the drunk, by cold affusions. Cold is one 
of the most powerful nerve stimulants we possess. 
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Owing to tin* .-1 i mu lit 1 ion of tin* cut ancon- none:- tin* \»»hmtar\ and 
involuntary muscles an* itdluciired. Ime-lignliou- by mean- ol Musmds 
org< graph ha\ (* proved nmelu-i\ el\ dial cold i- able lo inepeu-e enor- 
mously tin* resistance of mu-ele t * * latigue. and al-o to pe-toiv flu* eilt- 
cietiey for work to muscle which is already fatigued. A -light im*rea-e in 
i hi* tonicity of volmdary muscle i- produced. And in in\«duntary muscle 
tlic stiundation is evident in '^oih* .-.kin,** and in shivering. 

This increase of musele tone and id* muscular action and the vascular 
redistribution which they cause serve to augment animal heat ami partly 
to compensate for that which is brill# lost. Perceptible cold produces, 
partly by direct action and partly hv reflex action upon the vasomotor 
center in the Hour id* the fourth ventricle, a local constriction of the blood 
vessels. Tin* blood is, in consequence, dimini-lud in the atTeeted part, 
and a eoneomitant h\peremia i< produced in adjacent areas. 

Tin* result of the contraction of tin* iuvolnntarv mu-ele fibers in the 
skin and of the sensory stimulus given to the central nervous sWein is 
a sudden diminution in the caliber of the cutaneous capillaries 'Phi-* nar- 
rowing of llu* arterial ami venous river bed raises the blood procure, in- 
creases the endocardial stimulation, and rattles an automatic increase in 
the force and speed of the ventricular contractions. 

The increased cardiac action propels an augmented supply of blood 
through the capillaries, which are thus expanded to the fullm — of their 
capacity. The increased force of the heart is maintained for some con- 
siderable time, 

Thi* contraction of the cutaneous vessels diminishes the skin secretion, 
increases the blood pressure in the vessels of the deeper structure'-, and 
stimulates their vital processes. One well-known consequence of this de- 
villed blood pressure is diuresis. The increased blood pres-mre, the in- 
creased force and frequency of the hi art’s action and the imwe.i-ed blood 
supply to the kidney all lend to enhance the diuretic action of cold. 

James Tyson measured the amount of urine and urea excreted daily 
by a j tat ient. suffering from enteric fever, who was being treated by cooling 
( Brand) baths. lit* found that the amount of urine secreted was vastly 
increased. P»efore Hit* Brand bathing was begun the urine, as is usual in 
febrile conditions, was scanty and very concentrated. After the bathing, 
as much as 1,0X0 e. e. of urine wen* excreted daily. As the toxicity and 
the amount of contained solids wore increased, not only was tin* me- 
chanical transudation of fluid through the kidney augmented, but the 
selective secretory properties of the renal epithelium wen* enhanced also. 

Experiments have proved that in addition to these changes there are 
also remarkable alterations in the relative* proportions of the corpuscular 
elements of the hlooil. 

Cold baths produce a leukocytosis which persists at least for one and a 
half hours. The increased blood pressure in the spleen and in the lym- 



HYDROTHERAPY 


191 


pliatic glands, consequent on the general peripheral vascular contraction, 
in ay wash out the white cells from these viscera into the general circula- 
tion. 

The reestablishment of the normal ratio among the blood cells in the 
course of one or two hours from the time of the cold application shows the 
alteration in the blood to be due to transitory changes in the circulatory 
system, in the cardiac tone, and in the lumen of peripheral vessels. 

Some observers have found an increase also of red cells. 

On the other hand, brief application of cold to Ihe general body sur- 
face results in an increased viscosity of the blood owing to the augmenta- 
tion of the cellular elements. 

If the application of cold he local, remote effects are still produced. 
These distant effects are of three classes : Eirst, owing to the constriction 
of the blood vessels locally, the blood is driven into other areas. Thus 
Winternitz demonstrated that a cold hip hath augmented the volume of 
the arm. This may he termed the remote general action. Second, there 
is the symmetrical or intermediate response, that which affects one of a 
pair of structures affects the other : such is seen when, say, the right hand 
is immersed in iced water, the -left becomes blanched and cold. So great 
is this action that Thomson states that a thermometer held in the left 
hand shows a fall of 2-5° E. under such circumstances, and he records a 
case where, during an operation upon a divided palmar arch, he produced 
vascular constriction in the injured hand by immersing the sound hand 
in iced water, and was thus enabled to proceed with his ligaturing unem- 
barrassed by hemorrhage. Third, there arise reflex influences upon sub- 
jacent or remote viscera. In popular medicine this third category is well 
recognized. Girls sometimes foolishly immerse their feet in cold water to 
arrest imminent menstrual flow on the eve of some entertainment. Bleed- 
ing from the nose is treated by allowing a cold key to wander down the 
back. More precisely we now apply our treatment to Head’s areas in 
order to insure the localization of the reflex action to the viscus which we 
desire to influence. 

In order to obtain a cold stimulus what degree of cold must be em- 
ployed ? Tlio body temperature in the axilla is 98.4°E. : hut the average 
temperature of ilie whole cutaneous surface when clad with customary 
garments is probably about 92° E. (Winternitz). Hence to induce a 
“cold” reaction temperatures sensibly lower than 92° E. mnst he employed. 

If the cold he slight, the effect does not proceed beyond the stage of 
arteriole constriction, enhanced cardiac and respiratory action, and in- 
creased muscle tone. And these consequences are in variable degree 
transient. The vasoconstriction is followed soon by vasodilatation j but the 
beneficial effect upon the heart and the general musculature is more per- 
sistent. While in the cold hath, when the cold is mild, or after emerging, 
if it he less mild, the cutaneous blood vessels dilate, the skin reddens, a 
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vlcasu ruble sensation of warmth eu-mes, and a feeling of general \v< *1 1- 
voing prevails. Snell is the “reaction” t « * the mid hath. To elicit it in 
he siek great- earn is necessary to temper the stimuhw to the patient's 
strength. The shock produced by the cold nm-t not. 1 m* too ?*ovcre: and 
lit* reaction not. ton long delayed. 

Heat. — As already stated, the initial etTeet of all forms of physical 
stimuli is essentially the same. 1 1 cnee the action of heat i.- not directly 
nvei’M* to that, of cold. All stimuli produce initially vasoconstriction, 
mt whereas with cold this effect lends to la* maintained, with heat it is 
immediately superseded by vasodilatation which persists as long as the 
teat. Owing to the vasenlar dilatation tin* skin redden-, a sen -at ion of 
warmth prevails, sweating increases, and tin* deeper strnelnres are de- 
pleted somewhat, of their blood. The increase of the cutaneous blood 
died, promotes radiation, the evaporation, of the excess «f sweat renders 
intent a vast amount, of heal, and the concomitant increased frequency 
■>£ respiration abstracts much heat in the larger volume of expired air 
md water vapor: hence, all these factors tend t«» cau-c a fall of tempera- 
‘■/lire. Tf the whole body he immersed in a hath of a temperature higher 
.bail mW°K. ihe hoilv tempera l lire may ri-e ,-omewhat. 

The relatively anemic condition imlneid in the viscera miuimiy.es their 
activities and thus tends to net as a general sedative. Al-o, the direct, 
action of heat upon the sensory nerves is pleasurable and soothing. 

Under live influence of ihe hot hath it has been found that the viscosity 
if tilt* blood is diminished; the blood heroines “thinner and more watery.” 
This result is apparently brought about by an increase id' the area of the 
circulatory system with consequent diminution of transudation of plasma 
into the lymph spaces, and increase in the watery elements of tin- blood 
tissue. 

The result of hoi and cold baths on respiration appears to hi* -omewhat, 
similar: in each there is at first a sharp inspiration; next, a pause, and 
then a long expiration which is followed by frequent and shallow 
breathing. 

The* chemical activity of the lungs is much enhanced by ihe hot hath, 
then* being a huge increase ol’ oxygen consumption and carbon dioxid 
excretion. Ihirueh attributed as much as 7S per cent, increase h the for- 
mer, and S) 1 per cent, increase to the latter, after a hath of thirty minutes 
in which the body temperature was not greatly raised, and in which the 
number of respirations per minute was not increased. 

On the other hand, hot halhs diminish the power of muscular work, 
unless at the same time mechanical stimuli such as douches and massage 
are employed; hut even with these adjuvants the increase in clliciency is 
always less than under tin* influence of cold applications. 

Together with the increased muscular i Hurt. with which respiration 
is performed, increased production of carbon dioxid and increased absorp- 
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tion of oxygen occur also. This evidence of increased tissue respiration is 
due to the active katabolism which the tissues are undergoing in their 
effort to produce by combustion sufficient heat to compensate for that 
abstracted by the cold water. The effort is partly of reflex nervous origin 
(cf. the shivering) and partly consequent upon the flooding of the viscera 
by the blood which has been expelled from the constricted cutaneous cir- 
culation. 

Roughly speaking, therefore, we may regard the action of cold as tonic, 
of heat as sedative. 

Electricity. — Electricity produces upon the body effects which are 
physiological, electrolytic, cataphoric, and bactericidal. These effects will 
be discussed at length in the section upon electrotherapeutics. 

Pressure. — The physiological effects of pressure will be discussed in 
the section on massage. 


Mode of Application 

The means employed to apply water are innumerable. Many elaborate 
apparatuses have been devised but, in proportion as tlieir complexity in- 
creases, their usefulness as a rule decreases. Indeed, all the essential 
principles upon which hydrotherapy is based may be utilized through 
primitive domestic appliances. The ordinary full bath, partial baths such 
as hip baths, shower and douche baths, wrapping in wet sheets, and the 
application of compresses are the most important means by which water 
is applied. In all of these measures water is used essentially as a vehicle 
for the application of heat or cold. The temperature is either maintained 
as constant as is possible throughout the procedure, or it is designedly 
varied. Vapor and hot-air and radiant lieat baths are conveniently studied 
here. These may also be full or partial. 

The water baths may be medicated in various ways. Salt-water baths 
(one-tliird of a pound of salt to each gallon of water) ; alkaline baths 
(one-fifth ounce of sodium carbonate or one-tenth ounce potassium car- 
bonate per gallon) ; acid baths (one-third ounce dilute nitrohydrochloric 
acid per gallon) ; mustard ; bran ; aromatic baths, such as lavender and 
pine; mercurial; ammoniated; sulphurated; and countless other varieties 
are employed. 

The purpose of this medication is to add to the temperature effects, 
the bland or irritating, the sedative or stimulant action of the medica- 
ment. 

Stimulant action is obtained not only by appropriate temperatures 
and medication, but also by suitable regulation of the duration of the ap- 
plication. At Haulieim stimulation is achieved by the impact of hosts 
of bubbles of carbonic acid gas upon the skin. Massage and friction bring 
about a similar but more powerful action. By projecting water at high 
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iressure against. 1 1 it* body — douche!-*, needle sprays— a similar re.-mlt. is 
ibtaincd concomitant with the action nf t lit* watrr. 

Hence, temperature, irritation nr sedation and may all be 

readily applied by means * » 1* bath's. The practitioner, tn employ the 
remedial measure sntisfaetnrily, must tii>i clearly recognize the preei.se ef- 
fects lie* wisher* tn attain; then consider what means are nnsi simple, must 
practical, and must certain to proeure these effect s. Then* i-* nothing ab- 
solute in tin* facts herein set forth for the use <d baths in \ arums eondi- 
titms. These facts are gleaned from standard authorities sueli as Winter- 
nitz, Parnell, Schott, and tit hers. They are meant merely as guides to 
treatnu*ut. No one slavishly follows tin* pharmsieopeinl dose of drugs. 
Kaeli patient is a new experiment. No tin* temperature, duration, composi- 
tion, and fretpieney of the hath, and the use of pressure, or mas-.ago, must 
he as carefully considered and as judiciously altered as the dosage of 
drugs would lx*. 

The* hath may he general, or local, either applied to the entire body 
surface, or only to some part. The water may be brought into direct eon 
tact, with tin* skin, or another medium, as a sheet, may he made the \ehicle 
for its use. 

General Baths. Thr Ahhifion . An oilcloth or rubber "licet, covered 
with a blanket, upon which is laid a sheet, is prepared on the bed of the 
patient. Faeh part of the laxly is eonseeuth cly exposed; a wet towel 
wrung out of water is laid on the uncovered area. Willi the llal of the 
hand rubbing is applied through the towel and then the lout 1 i.*, removed 
and the part dried. When the whole hotly is to he treated in tin- way it is 
host, to take the parts iti definite order. This is the method of Winternitz. 

Ihmieh recommends for much weakened patients the following pro- 
cedure: On Hit* day following a warm cleansing hath tin* patient is 
wrapped in long-haired blankets, one passing around the body, under the 
arms, and inclosing separately the lower extremities: another enfolds tin* 
arms at the sides, and is tucked in about the neck and under the feet. 
Heat is thus accumulated at the surface. In to 1 hour the face is 
washed with water at a temperature of f»0° F. Next each part is in turn 
bathed, rubbed, dried by gentle friction, and re-covered. 

When the patient has become aeeustomed in this the ablution may he 
given with tin* subject, standing, lie stands in 1:J inches of water at 
100° F., ihe attendant washing him down with his hands or with a towel, 
and pouring on parts of the hotly water at a temperature initially SO' F., 
hut daily lessening till it readies tit) ’ F. 

Patients unaccustomed to cold water may begin by a partial ablution 
involving only tlie face, neck, and chest, and gradually including the whole 
body. 

Ablutions should always he rapidly performed. They are useful not, 
merely as stimulants of the peripheral nerves and vessels, hut also hv the 
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reaction induced, aa an. index to the state of the patient. They are much 
employed as a preparation for other forms of hydrotherapeutic treatment. 

The Half Bath . — There should be in the bathtub enough water to im- 
merse the pelvis, and it should be at a temperature of 70° E. to 85° E. 
To prevent retrostasial congestion the patient’s head is wrapped in a cold 
moist towel. The face is first bathed. The attendant then with one hand 
throws water from a vessel over the front of the body, and with the other, 
meanwhile, rubs the back. Colder water is used until the patient feels 
cold; should his teeth chatter he should be immediately taken from the 
bath. A warm dry sheet, previously prepared, is then folded about the 
patient, and with it he is dried. 

Affusions . — -Water at a temperature of 50° E. to 65° E. is poured 
from above on the patient, who sits in the empty tub, or lies on a rubber 
cot. The degree of stimulation is in proportion to the temperature of the 
water employed, and the height from which it is allowed to descend upon 
the subject, i. e., the lower the temperature, and the greater the height, the 
greater the stimulation. This treatment should he very quickly given. 
In acute cases the patient sits or lies * in chronic cases he stands in water 
at a temperature of 100° F. 

By means of the affusion the sensory cutaneous nerves over a large 
area are mechanically and thermally stimulated, and a reflex action on the 
heart, respiration, and metabolic functions ensues. The intermittent 
nature of the stimulation increases the effect produced. 

Affusions should be used with caution, with precision as to tempera- 
ture, and with due regard to the patient’s power of reaction. 

The Shed Bath . — A rubber sheet and a blanket are laid on one side 
of the bed, or on an adjoining bed. There should also be in readiness 
several linen sheets, coarse or fine, according to the effect desired, a tub 
of water, a cup, and a sponge. The linen sheet is wrung out of water at 
50° E. to 80° E., spread quickly on the rubber sheet; the patient, whose 
head and face have been bathed in ice water, and whose head has been 
wrapped in a cold wet towel to prevent retrostasial congestion, is laid on 
the sheet. Systematically, small areas of the body in succession are 
warmed by gentle friction. As soon as a part is heated a cup of cold water, 
50° E. to G0° E., is poured on it. This procedure is continued till the 
patient feels cold or shivers markedly. Sometimes the subject is permitted 
to remain in the wet sheet for half an hour ; then often a gentle sleep fol- 
lows. The first effect of the cold wet sheet is to contract the peripheral 
vessels ; next dilatation of the cutaneous vessels occurs and is aided by the 
friction; the cold water then again contracts them; and so the process 
continues. 

Drip Sheet . — The drip sheet is a modification of the sheet bath. The 
room in which this measure is carried out should have a temperature of 
not less than 70° E. The patient, with a wet towel on his head, stands in 
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1:2 inches of water at IDO F. A dripping >l» ct, wot \\ i t li water at 7.V F., 
is placed over his shoulder'-; under tin* right arm, aero-- tin* bark, over 
tlu* left shoulder, acniw the front, and over the right arm, Quick Mrokes 
and occasional slaps are made by the operator up and down over the sheet. 
Tvviee or thriee during tin* jiroeedure a ha-in of wat< i, 10 F. or 15 F. 
eolder than the water in which the sheet has been dipped, is poured 
over the head and shoulders of the patient; in the internals friction for 
f> to ID minutes is applied. On removing the .sheet whieh should he 
rapidly done — the skin is hyperemie. The patient then steps nut upon a 
woollen rug or blanket, is completely dried with soft linen towels, and 
then ruhbod down with a warm sheet or towel. If this bath greatly fa- 
tigues the patient, its duration should he lessened till the n action ami re- 
sistance are strengthened. 

The strength of stimulation in this measure may hi* greatly varied 
hv varying any one or more of the factors, temperature, friction, the use 
of eoar.se or tine sheets, the* use of the sheet dripping or well wrung out, 
the frequency of the applieations of cold water during the process, and 
the duration of the hath. If the hands and feet are cold even on arising, 
it is well to induce heat to accumulate before the sheet hath is given, by 
piling on blankets, by giving a wet pack for 1 2 t«> one hour, or b\ a vapor 
bath for a few minutes. 

The Cold Huh. The ('old Hpoiif/e. On arising, before losing the 
heat, of bod, tlu* patient is wrapped in a sheet well wrung out of water, 
temperature 110 ' F. to 75" F„ and is very actively rubbed down, with fre- 
quent. shipping to produce an active hyperemia of the skin. After rapid 
drying and the administration of a cup of hot milk the patient is sent. out. 
for a walk. 

The Wei Huel\~ -A rubber sheet is covered by a large blanket, whieh 
hangs over one side of the bed and down over its foot. A large coarse 
sheet, very well wrung out of water at ISO ‘ F. to To F., the temperature 
being varied to suit tin* ease, is spread on the blanket. The patient, his 
head in a wet. turban, lies down with npstretehed arms; the right side of 
tlu* sheet is brought under the arms across the front of the body, and be- 
tween the* lower limbs. The left side is brought over the arms and body 
and tucked in at the ncek and feet. The blanket is then drawn tirmly 
about the patient, and tucked in at the sides, neck, and feel. “Kverythiug 
depends upon complete exclusion of air from beneath the blanket cover." 
If tlu* patient is ebillv he should he* covered with blankets. Partial parks, 
inelmling only tlu* body below the axilla*, may be given. The pack lasts 
1 5 to one hour. The effect varies with the duration, the texture of the* 
sheet, tlu* temperature of the water, the extent of the pack, and tlu* fre- 
quency and number of times it is repeated. To restore* tlu* tom* of the 
cutaneous vessels, which have been relaxed by the wet puck, the half bath, 
the sheet hath, or the cold ablution should follow. In the wet pack the 
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reaction is entirely dependent upon the patient’s capacity. If the skin he 
previously warm the reaction is better. The power of the patient to react 
should be tested and educated by other hydrotkerapeutic measures before 
wet packs are given. 

In the cold wet pack there is an initial shock lasting from 5 to 20 
minutes. This is followed by a hyper emic cutaneous reaction. There 
is an interchange between the cooled blood of the peripheral circulation 
and the warm blood from the viscera, which continues until the sheet is 
thoroughly warm. The excretion of the skin is increased, and toxins are 
eliminated. The wet pack also has a calming effect due to withdrawal of 
blood from the brain and the exclusion of external cutaneous stimuli. To 
secure the antipyretic action the water for the initial pack should be 
60° E. to 70° F. When the first pack is warm the patient should be put 
into another, wet with water 2° F. warmer. As soon as the second pack 
is warm the procedure may be repeated, raising again the temperature of 
the water employed 2° F. This is done till 4 or 5 packs have been given, 
or until the body temperature be satisfactorily reduced. If the pack be 
given for its sedative action and sleep follow the patient should be per- 
mitted to remain in the pack till he awakes ; a cold ablution should then be 
given. 

Hot Blanket Pack . — Three or four blankets are laid on the bed; one 
blanket is wrung out of water as hot as can be borne by the hands, and 
spread on the bed. The patient is folded in this, and covered by the other 
blankets. After a cold wet pack the sheet is warm ; but after a hot blanket 
pack the wet blanket is cool, showing that there has been a diminution of 
heat production. 

The Wet Compress . — Almost all forms of the compress consist essen- 
tially of a linen basis, which is the vehicle for the application of the water, 
and a dry flannel bandage which covers and secures it. These vary only 
in shape and size to suit the region of the body to which they are to be 
applied, and in the temperature of the water used. 

The cold compress causes contraction of the peripheral vessels, and 
should, therefore, be renewed frequently enough to keep it a cold applica- 
tion. When the stimulating compress is employed the water is at G0° F., 
and the compress is permitted to remain in situ till it is warm or even dry. 
When covered with waterproof material the compress becomes a surgical 
wet dressing; astringents or alcohol are often used for wetting. It is so 
difficult to keep water compresses hot, and so inconvenient to handle them, 
that better Iieat-retaining media, such as the linseed compress, are much 
used. 

If the temperature of the patient be high the compress should be 
changed every % hour ; otherwise every hour, night and day, unless the 
patient is asleep. Fresh water should be used, and the compress boiled 
every day to prevent septic infection of the skin. 

15 A 
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The Abdominal (U impress . — Tin* linen lifted for thm compress should 
be in three* layers, of sutlieient width to extern! from the xiphoid proeess 
to the symphysis pubis, and fall over tin* sides n( the trunk. The water 
out of which this cloth is wrung should he at a temperature of (10° F. 
to 70° F. 

The Neptune (lirdle. — The Neptune girdle is a modi Heat ion of the 
above compress. The linen is made long enough to encircle the body and 
form a double fold on the abdomen. It is covered by a dry linen or tin unci 
hinder, and is changed twice or thrice in the 21 hours, the part, being 
sponged with cold water before each renewal. 

The Combination Compress of Winternitz . - The Neptune girdle is 
applied as deseribed. A Leiter eoil, arranged to have hot water passed 
through it, is laid on the epigastrium. This hastens the reaetion, and 
refloxly stimulates the nerves of the underlying organs. When a com- 
press is employed to reduce inflammation it should he* frequently changed, 
never being permitted to become warm. The object here U to keep the. 
vessels of the intlumcd part in a state of contraction. The temperature 
should not be so low as to paralyze the cutaneous vessels, nor so high as to 
dilate them. To attain the desired end a temperature of fit) ’ K. to HO 1 ’ F. 
is suitable. 

Cold Applied to the Head . — -Instead of using the clumsy ice hag, 
which wets the pillow, a wet. cloth may lie laid on the head, and held 
in position by a cap of coiled rubber tubing through which ice water 
Hows. 

The Full Hath. — This may he given hot. or cold, with or without, fric- 
tion. The cold full hath has become intimately associated with tin* name 
of Brand in the therapy of typhoid fever. Brand's method for the cold 
full friction hath is described later. 

Another form of tin* cold full hath is the graduated hath of Von 
Ziemsseu. The patient is placed in a tub which is partially tilled with 
water at. a temperature of SO" F. to t)0 M R, and to which water of a tem- 
perature of 40" F. is added till a temperature of about 77" R is attained. 
Friction is used, and the hath lasts l-[» hour. The patient, mi emerging, 
is allowed to remain in warm blankets for ir> minutes before lie is dried 
and dressed, 

Winternitz recommends the employment of alternate half and whole 
cold baths, the former at. a temperature of 00' F. to ON" R, the latter at 
a temperature of -12° R to .W* R Tiu* patient remains in the half hath 
1 to 2 minutes, then steps into tilt* other for T to 1 minute, continuing 
the alternation according to the extent of the desired reaction. 

As a liydriatic measure the cold full hath requires the strongest re- 
active response from tile patient; it. is there* fort? necessary, especially as 
the reactive power is weakened in the siek, to bring to its aid the friction 
insisted upon by Brand and his followers. 
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The Cold Plunge . — This bath should not be entered if the subject feels 
chilly. If necessary the skin should be previously warmed by some other 
procedure, such as the wet pack. The face and neck should first be bathed 
with very cold water, and the plunge bath then entered suddenly. The 
whole body should be immersed in the water, the head also being dipped 
several times. The bather should exercise, or rub himself in the water. 
The plunge bath should last from a few seconds to 2 or 3 minutes. It 
should be followed by vigorous rubbing. As soon as dry the patient 
should exercise moderately, or be massaged. 

The Warm Full Bath . — Any bath with a temperature above that of 
the skin (92° E.) Baruch designates a warm bath. 

The temperature of the room in which a warm bath is given should be 
between 70° E. and 80° E. Warm towels and a warm sheet and several 
hot-water bags should be in readiness. If there is no hot water on tap, 
tubs of water at a temperature of 200° E. should be prepared, so that 
the bath temperature may be raised at any time if necessary. The water 
in the bath should have a temperature of 95° E. (Baruch) ; it is also used 
at temperatures between 98° E. and 104° E. The patient wets his face 
and neck with the water in the tub before entering it. lie lies down in the 
bath and should remain immersed to the chin. The duration of the bath 
varies with the conditions for which it is administered. Something warm 
should be provided for the patient to step out upon ; the warm sheet is 
rapidly folded around him; and lie is put into a warm bed and covered 
with blankets. After a few minutes he is dried. Profuse perspiration is 
to be avoided. 

When the bath is warm the irritability of the sensory nerve endings 
is decreased; the bath has therefore a sedative effect. A hot bath — one 
above 100° — has a directly opposite action. 

The Continuous or Hammock Bath . — The ordinary bathtub is not 
suited for this purpose. So that the patient may be able to, repose in 
comfort for a prolonged period he is suspended m a hammock-like ar- 
rangement, which should clear the bottom of the tub. Suitable rests 
should be provided for the head and nates. The temperature of the water 
should be 95° E. to 100° E. The water may be changed once in 24 hours, 
or a constant inflow and outflow may be arranged. Before the patient 
enters the bath his skin is anointed with a fat — lanolin or vaselin — as 
saturation may cause shriveling and peeling. It is desirable to have the 
tub raised from the floor and covered with blankets to exclude air and 
prevent exposure. A wooden board may be placed across the tub to serve 
this purpose, and also as a tray for the patient’s meals. The patient may 
be lifted from the tub to evacuate the bowels and bladder, or the urine and 
feces may be permitted to pass quickly away in the outflow. A patient 
is kept in the continuous bath for any length of time, from a few hours 
to more than a year. This measure acts by the removal of all external irri- 
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taiiim of tin* cutaneous nerves, ami !»y protecting tin* surface of the* body 
from atmospheric change**. 

Localized. Baths, — Various forms of tubs haw been devised for local- 
ized continuous baths of the arms and legs. 

The Kffrrrrstrnl Hath . — K»r the Nauheim bath see* V « *1. Ill, See. JI^ 
(Ampler II, 

Douchvi n*. — I n the douelu* a eolumn of water deseemls from a height. 
Then* is tints obtained I lie* mechanical action of t lit* procure of the water 
as well ns the effect of its temperature. Many forms of the dnuehe exist 
The vertical rain douche is a shower hath, in which tin* water falls from 
a perforated nozzle or rose. The jet or fan douche is a movable arrange- 
ment to direct, a column of water upon any part. The ascending or 
perineal douche is a spray of water, directed upward, over which the 
patient, sits on a stool with a ring-shaped scat. In the circular douche 
the water is directed horizontally inward from circular tiers of perforated 
metal tubing. The Scotch douche, or alternating douche, applies heal and 
cold alternately, either live steam mid cold water being alternated or 
warm water being used in place of the ."team, (’arbon dioxid and hot air 
are also applied by means of douches. As tlihse* arc* measures which arc* 
mostly practicable in institutions only they will not be further considered 
here. 

flip or Hits Hath . — The tub used for this hath is familiar. The tem- 
perature of this hath is varied; it maybe* cold, tepid, warm, or hot. There 
should be enough water to reach to the umbilicus of the patient when 
he is seated in the* tub. The patient should he carefully covered to protect 
him from chilling. Friction of the* upper part of the* body may hr added 
to this treatment. The* sitz hath nets on the abdominal and pelvic organs 
and vessels, its action depending, as in other forms of baths, on the* tem- 
perature of the water and on the duration of the hath. Other partial 
baths are the occipital hath, the elbow, t lie* hand, and the foot baths. 

The, Occipital Hath.-- The* patient, lies down with the head immersed 
for 5 to 10 minutes in a vessed through which tap water is flowing. 

The Elbow Hath . — The elbow is kept in a vessel of running cold water 
for 10 It j 20 minutes. Hand and foot baths arc* given in the* same* way, 
but the water may be used cold or hot. 

Application of Extreme Temperatures. — Efcam and Hot A ir Haths . — 
These are commonly given in cabinets which inclose the* entire hotly with 
the exception of the head. The head and neck must he* cooled during the 
hath. The* temperature of the bath, usually 10*1° R, though possibly 
higher, is attained gradually as the steam enters. The duration of the* 
hath varies with the* indications, rarely being more* than thirty minutes. 
YYintornitz has devised a method for a steam hath at home. A wooden 
raft-like* frame lies at the bottom of the tub on which the* bather is raised 
from the door of the tub. A continuous flow t»f hot water gives off steam 
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in the tub, which is well covered to prevent its escape. Higher tempera- 
tures can be borne in hot air than in steam baths, and in steam than in 
hot water. The bath causes rapid dilatation of the cutaneous vessels, fol- 
lowed in a few minutes by sweating. To increase the perspiration cold 
water is given to the patient to drink. It is best after the bath to employ 
some cooling hydriatic measure. 

Russian Bath . — The Russian bath is a form of steam hath. 

Irish-Roman Baths. — Irish-Roman baths are hot air baths, where the 
patient enters a series of rooms filled with air of increasingly higher tem- 
perature. 

Ice . — The most common way of applying extreme cold is by means 
of the ordinary ice-bag; the use of coiled tubing, the Leiter coil, through 
which ice-water is passed, is, however, preferable. The tubing is coiled 
in any form to fit the part to which it is to be applied. The ice cradle 
is an ordinary hospital cradle, placed over the chest, abdomen, or entire 
body. The patient is stripped. Ice-bags or pails of ice are hung from the 
pole of the cradle, and the whole covered over with a thin sheet. The 
patient is kept in the ice cradle till his temperature is sufficiently reduced. 
A hot-water bag is kept at his feet to prevent chilling. 

Ice Rub . — The ice rub is given by means of a flattened piece of ice 
in a cloth with which the parts of the body are rubbed in succession. 

Ice Pack . — The patient is stripped, and enveloped in a cold wet sheet. 
An ice cap is laid on his head, and pieces of ice, carefully swathed, are 
placed at his sides. He is rubbed by the nurse with pieces of ice, as in 
the ice rub. Other methods of using extreme temperatures are the ether 
and ethyl ehlorid sprays and the application of carbon rlioxid snow. 

General Summary. — Measures which may so markedly influence vital 
processes as do these hydrotherapeutic applications, are extremely valuable 
therapeutic agents, but if skill, precision, and judgment he not employed 
in prescribing and applying them they may he productive of equally great 
injury. Local applications of heat or cold have little influence oil general 
somatic conditions, and And no contraindications in any such conditions. 
Local heat should not he applied for the reduction of a circumscribed in- 
flammation, as it raises the temperature of the inflamed part, and increases 
the formation of pus; cold, however, by lowering the temperature, and 
reducing the number of pus cells, and the congestion, may check the in- 
flammatory process. As an analgesic measure either may be effective; 
trial decides which should he used. Cold applied to the head is a pre- 
cautionary measure in any general application of cold or heat to prevent 
what Winternitz calls “retrograde hypostatic congestion,” i. e., the flow 
to the head of the blood driven from the stimulated surface ; this may be 
dangerous in arteriosclerosis. General cold applications should never be 
given in states of exhaustion or nervous debility ; or iu collapse with sub- 
normal temperature; during a chill; or during a hemorrhage. The pa- 
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tiont should he* previously warm; though, in tuberculosis, A berg advises 
the giving of cold full luitlis without preparation of the patient. Full 
baths of loo high or too low temperature should be awiided in cardiac dis- 
orders, and any general applications should here he umm! with great cau- 
tion. In conditions of cerebral lnperemia, such jh e\i-t in apoplectic 
individuals, warm full baths arc contraindicated. In ail tlic-sc procedures, 
where there is any suspiei»m of reactive weakness, the reactive capacity 
of the patient should he trained hv the use of gradually increasing stimu- 
lation, regulated by changing the duration, temperature, and accompany- 
ing mechanical stimulation. Hathing in natural bodies of water, such as 
the seal, rivers, lakes, etc., should he* prescribed in accordance with the 
existing conditions of temperature and stimulation hv the motion of the 
water, and with regard to the* strength of the patient. 

More speeitic treatment of tin* indications and contraindications for 
the various liydrotlierapeuth* measures is given in the next, chapter. 


RcROFAT, 1 1 YOUOT1I KliACY 

Dhictm'ti of I he Cireulnfon/ Hifsfem 

The hydrotherapy of circulatory diseases is very simple. Through 
stimulation of the cutaneous nerves by means of waters charged with salts 
and gas, or turpentine, or ammonia, or other mild irritant, vasoconstric- 
tion is produced in one set of arterioles, and a vasodilatation in another. 
Conceivably also the stimulation retlexly itdluences the heart muscle it- 
self. The vasomotor changes produce endocardial stimulation by raising 
tin* blood pressure. Hut together with tin* rise then* is dilatation of the 
visceral arterioles so that the blood is driven into and through the stag- 
nant parts of the circulatory system. The nutrition id’ organs in which 
stasis is a menace is thus improved. The heart is made regularly, mildly, 
and effectively to act. The coronary capillaries may share in tin* blood 
redistribution and the heart, thus benefit directly from the hath. Hut 
there is as yet no proof of any special implication of the coronary circula- 
tion. Doubtless, however, eurtliae nutrition is enhanced by the steadying 
and slowing influence of the discreetly increased blond pressure. It K 
as it were, a mild and beneficial exercise which the heart enjoys. The 
slowing of the rate and of the* cardiac rhythm not only enables the heart 
effectively to empty its cavities, but in the prolonged diastoles an oppor- 
tunity for regular and systematic 1 Hooding of the coronary capillaries 
occurs, and the nutrition of the heart muscle improves. 

The application of cold to the* preenrdiu will slow the rapidity of an 
irritable and infected heart. If is a valuable adjuvant In the treatment, 
of endo- and pericarditis, as it. moderates the fevered activity anti saves 
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tlie cardiac muscle from undue exhaustion. Moreover, in valvular lesions, 
this tranquilizing of the heart spares the fragile, edematous, infiltrated 
valves from as many impacts as the heats that are avoided. Precordial 
cold applied causes also a dilatation of the vessels in the heart muscle and 
in the pericardium, and thus aids in repelling the bacterial invasion by 
augmenting the blood supply. 

Heat applied to the precordia stimulates the heart to more forcible, 
more regular, and more efficient contraction. It, also, refiexly, causes a 
constriction of the coronary vessels. In weak, distended, dilated hearts 
the application of heat acts as a powerful stimulus and soon strengthens, 
regularizes, and increases the amplitude of the pulse, and diminishes the 
area of cardiac dulness. 

Arteriosclerosis. — It is of great importance to recall the dual relation 
which the increased peripheral resistance maintains in this common 
malady. It serves, not only as a cause, but also as an effect. When 
faulty dilatation of the vessels exists there ensues an imperfect elimination 
of unknown products of metabolism which lead to a toxemia. This in- 
crease of circulating toxins mainly by direct action on the vessel walls, but 
perhaps indirectly also, through the vasomotor nerves, gives rise to a 
spasm of the vessels which, in turn, leads to a still more scanty blood fiow ; 
as elimination is dependent upon the rate of renewal of the blood in the 
emunctory organs, such a decrease in the vascular supply serves to cripple 
depuration still more. Thus a vicious circle is instituted and the toxemia 
increases. The origin of the noxious metabolic products may be putre- 
faction in the intestinal tract. The increased resistance to the vascular 
current in turn places added work upon the heart, which at first hyper- 
trophies and later frequently dilates as myocardial changes occur. As, 
except for temporary effect, drugs should not be given to obtain the desired 
vasodilatation, hydriatric measures possess a particular value in the treat- 
ment of sclerotic vessels. By hydrotherapy it is possible to reduce the 
undue constriction of the vessels, thus to augment the blood flow and to 
promote detoxication or elimination. The partial rub with a temperature 
of 6S° F. is best suited to be the initial measure. If the patient with- 
stands this mild procedure, after a few days, more stimulating measures, 
such as the full cold rub, preferably at a low temperature, should be in- 
stituted. In cases of extreme illness the rub may be given at 68° F. for 
several days and gradually water of a lower temperature introduced. The 
duration of the rub is governed by the reaction. The applications of cold 
to the precordium and spine are indicated not only to meet the effect of the 
disease on the circulatory mechanism, but also to counteract the added 
strain placed thereon by diaphoretic measures. The steam bath of mod- 
erate duration and temperature, not exceeding 140° F., followed by a 
heat-abstracting measure, is employed, but must be conjoined with cold 
applied to the precordial region. The employment of the hot bath, 95° 
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li)i)" F., is of great service. Venom sluggi'dine-*'* yield" often to running 
foot baths. 

Endocarditis. — Acute Kmfaranfifis. In all crises of acute endocarditis 
lilt 1 upplicut ion of cold to tin* precordium is t lit l i<*u t <*« 1 , ns by t Hi ^ measure 
cardiac sedation is secured and the pns."ibilil\ id the occurrence of em- 
bolism is minimized. The applications of choice art* the preeordial 
coil and the ice hag. The selected one should he kept in place continu- 
ously for a period of, say, several days, unless the heart "hows signs of 
■weakness. In the presence of unu-ititlammutory myocardial changes cold 
preeordial applications must he used with caution or not at all. Partial 
rubs later in the course of tin* disease* are advocated. 

(' h route Emlocnrditiu.— Local stimulation of tin* heart obtained by 
{ lie use of the cold preeordial coil is practiced. It is claimed that digitalis 
may be supplanted by this application. The use id* heat to induce gen- 
eral invigoruiinii and to redan* peripheral resistance is ad\ Uable, but only 
under extreme caution, as the temporary increased aeti\ity resulting 
from thermic measures may he most potent in producing cardial dilata- 
tion. Diaphoretic measures, as wet pucks, partial rubs, and tin* Winter- 
nitz modiiicd steam bath applied live* to ten minutes, arc of value tu reduc- 
tion of edema. Tin* last consists in exposing to steam the lower parts 
of the body while jo the pveeovdium is applied a cold coil to reduce the 
danger of dilatation. Irregular or broken compensation and cardiac 
insutlieieney require careful hydriafrie management. Much depends upon 
llu* changes in tin* heart muscle. The me of the carefully graduated par- 
tial ablution (l»«S‘ F.) for several days and then the application of the cold 
preeordial coil are the usual treatment. If there he undue vascular con- 
striction present in tilt* cardiac insutliciency general measures may he 
applied to eliminate it. 

For the Nauheim treatment set* Diseases of the Myocardium, Chapter 
31, Hoc. II r, Vol. III. 

Hemorrhoids. — This aggravating malady often yields tu brief, cold 
sifz baths of about F. temperature. Hot hip baths arc also advocated. 
Should inllanmiation arise, the duration of the <itz hath may he increased. 

Acute Pericarditis.- The ice hag or* cold Lei ter coil are applied con- 
tinuously to the* preenrdium with tlu* same precaution observed in acute 
endocarditis. These measures exert decided analgesic and anfi-inilam- 
niatorv effects. Hyperpyrexia is treated with extremely cold half baths. 
Diaphoretic measures, particularly the wet. pack for two hours, arc in- 
dicated by an obstinate effusion. 

Diwmtnt of the Ttcspimtary Tract 

Asthma. — A brief application of cold to tin* nape of tin* neck (‘fleets 
relief in bronchial astlnna depending upon nasal conditions. The form 
used may be an affusion, or a douche under ten pounds pressure. 
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Acute Bronchitis. — A wet pack for two lionrs, followed by mechanical 
stimulation, should be tried in an attempt to term in ate the disease at its 
onset. The cross-pack (Priessnitz) at a temperature of 45°-55° E., re- 
newed every two hours, often lessens the cough and exerts an analgesic 
effect. The Lissauer method of spraying- may be employed for its ex- 
pectorant influence: after rapid application of a steam spray at 110°- 
125° E., for fifteen seconds, over the upper part of the trunk, a cold fan 
douche is applied for three to five seconds ; a rapid friction rub follows. 
In sixteen cases in which this routine was employed Lissauer obtained 
ready expectoration. The cold Leiter coil to the precordium may be 
needed, particularly in the aged. Hot mustard foot baths are of proven 
value. 

Acute pulmonary affections frequently complicate the exanthemata, 
particularly measles. When in their course, bronchitis or bronchopneu- 
monia appears, cold half baths for five minutes at 78.8°-71.6° E., with 
douching and subsequent gentle mechanical manipulations, are indicated. 
Extremely brief plunges into water at 61°-54° E., succeeded by strong 
friction, may be used if the case is doing badly. The mustard pack as 
practiced by Herzfeld is very efficient. In this measure flannel applica- 
tions are made of one to ten or twenty dilution of oil of mustard which 
has been made according to the directions of the German Pharmacopeia. 
The diluent is equal parts of alcohol and water and the degree of dilution 
depends on the urgency of the ease. The application envelops the child 
from the neck to the knees and remains in place until the skin is mark- 
edly liyporemic. When the desired 'cutaneous hyperemia is attained, 
usually in from fifteen to thirty minutes, the child is placed in a wet, 
thirty-three per cent, alcohol pack. At the expiration of one half hour 
the wet pack is supplanted by a dry sheet. This procedure should be re- 
peated every twenty-four hours and oftener if the case is very severe. 
It produces its happy results very rapidly. 

Edema of the Lung. — The mustard pack is claimed to be quite efficient 
in pulmonary edema. The application is continued thirty minutes. 

Hyperemia of the Lung. — The hot bath at 10 6° -110° E. for ten min- 
utes or the hot bath for five minutes followed by a warm pack, is the usual 
remedial measure employed. The hot mustard foot-bath is of value to 
induce sweating. 

Pleurisy. — In acute pleurisy three symptoms .are present, cough, dysp- 
nea, and pain, which are amenable to liydriatric treatment. The cross- 
hinder through which passes a cold water coil is the most efficient measure. 
The ice bag may he used. Wet packs and mechanical stimulation, and 
half-baths, 71-6°-68° E., are valuable auxiliaries. In event of an effusion 
steam baths or hot air baths, lasting ten to fifteen seconds, followed by 
invigorating measures, are employed to induce diaphoresis. The two 
hourly-changed cross-binder may aid absorption of an effusion. Should 
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respiratory or cardiac embarrassment appear tin 1 cold preeurdial roil is 
indicated. High fever is emit rolled l>y wet packs. 


Constitutional and Metabolic Diseases 

Anemia. — Chlorosis . — To prevent, heat abstraction while obtaining 
energetic stimulation of the nervous system is the h\dro{ bent pent ie aim 
in treatment of chlorosis. To lessen the heat loss, all eohl applications 
should follow some heat-ictaiuing measure, such as the warm bath 
at 100° F., with room temperature not below 7<> ' F., the dry pack; or, 
without increasing the heat by additional measures, the heat retention 
during the period of sleep may be utilized by applying the imigorating 
procedures upon arising in the morning. 

The choice of the innervating measures is great. Ablutions of .St) ' F., 
which are lowered two or three degrees daily and combined with mechani- 
cal stimulation, rapidly given in the warm bath, frequently give happy re- 
sults. The ablution may also follow the dry puck. Wet packs followed 
by the half hath and rain baths art* valuable* auxiliaries, when the nerve 
tono lias been heightened. Circular ami spray douches of two to thirty 
seconds’ duration, with water, iirst of high temperature, ihV I*’., ami then 
reduced to a temperature as low as -15 b\, followed by manage, yit*bl 
excellent results. Hot-air baths of 125° F. to 1 <50 F. should precede I ho 
use of tilt* douches. 

The following plan of treatment is valuable: Klcetrie light hullw for 
fifte<*n to twenty minutes, then the fan douche at tOe F. with twr*n(y 
pounds pressure for thirty seconds, and then at To ‘ F. for fifteen seconds, 
and a dry rub, followed by one hour of rest. This treatment l> repeated 
oil alternate days. 

Secondary Anemia . — The general treatment is that prescribed for 
chlorosis. Among the special manifestations of the paucity of the blood 
cells, the cephalalgia, and the coldness of tin* extremities particularly the, 
feet — may require special measures. The headache responds happily 
to flit* use of a hot-water coil applied to the neck, and the cold rub eou- 
iined to the logs. Brief running foot, baths arc* the most etlieieiit meas- 
ure to relieve the coldness of the feet, (’old douches Used after a pre- 
liminary hoi. application art* indicated in anemia of the viscera. They 
may be general, as the Scotch douche, «>r localized, as the fan douche ap- 
plied to tlm abdomen. 

Diabetes Insipidus. — Warm or cold half baths and full halhs are 
recommended. The half hatlis possess a special value for neurotic chil- 
dren. 

Diabetes Mellitus. — In addition to attaining a strict cutaneous hy- 
giene, thus obviating the dangers of cutaneous complications, hydrotherapy 
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exercises some remedial power over diabetes, especially that form which 
accompanies obesity. Powerful stimulating measures are employed and 
are often preceded by the application of heat. All efforts should be con- 
centrated upon the attainment of a vigorous reaction. Improved general 
metabolism and lessened tendency to acidosis are among the beneficial 
results obtained by the use of water. 

The hot air or electric light "baths for five to ten minutes, next the 
circular douche, 105° E., for thirty seconds, then continued at 90° P. for 
thirty seconds, and then the jet and fan douche to the entire body, 70° E., 
for twenty seconds, may be employed once every twenty-four hours. 
The temperature of the final water should be gradually reduced 
until G0° E. is reached, and the jet douche pressure should be progres- 
sively increased until twenty or thirty pounds is attained. Ten-minute 
half baths at 85° E. with vigorous mechanical stimulation while in the 
tub, preceded by wet packs, may be used. The packs should be continued 
about forty-five minutes, and should be, when applied, about 50° E. 
Brief cold plunges and the dripping sheets accompanied by friction may 
be employed at home. 

Exophthalmic Goiter. — Applications of cold, either the Leiter coil or 
ice bags, to the thyroid gland and the prOcordium serve to slow the heart. 
Occasionally an ice rub may he needed. Wet packs for one hour, com- 
bined with the cold Leiter coil to the spine, and followed by a half hath, 
79° to 75° E., sometimes allay the tremor and palpitation. 

Obesity. — The attempt of hydrotherapeutic measures in treatment of 
obesity is to increase general metabolism and thereby promote oxidation. 
In the presence of fatty myocardial changes the more severe applications 
should he made with caution, or with a cold precordial coil. Diaphoresis 
by means of hot air baths, electric light baths, steam baths, full hot baths, 
and packs, of ten to forty minutes’ duration, should he induced. Then 
cold applications in the form of half or full baths, douches, and rubs, 
at between 55° E. and 70° E., should be employed. Erequently an al- 
cohol rub concludes the treatment. Hinsdale finds the combination of 
full hot hath and pack superior to that of hot air bath and douches, and 
cites two hundred and sixteen cases in which this combination was used. 
Of these cases one hundred and sixty-eight gained weight. Together with 
a strict dietary regime and hydrointervention, muscular exercises should 
be rigidly enforced. Physiologically unfamiliar exercises are the move- 
ments of choice. While each case presents peculiarities necessarily en- 
tailing modifications in the treatment, the following prescription from 
Hinsdale may he followed as a guide : A full hot hath at 104° E. for 
twelve to eighteen minutes during the first three days. A hot dry pack 
is then applied for the same length of time. A cool spray, about 75° E., 
and an alcohol rnh are the final applications. After a short rest of twenty 
minutes long walking exercises are instituted, and massage for one hour 
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follows their terminal ion. Soitu* advocate the ii ] * j *1 i**?* 1 1< »n ot heat oulv 
to a degree necessary to obtain visible perspiration. 

Podagra. — When pint is found in association with ninety tin* hydrb 
atric management laid down foi* that dLorder ."lnaibl ho i »i—t ;t lit** l at once. 
.Ill the more acute forms analgesia with minimization nt tin* articular 
and periarticular effusions may ho olitainod by tla* u-i of brief cold up- 
]»lioations hi the* atTeetod parts. Tho.so may ho follow od by oironlar oold 
compresses. To combat. tlu* more ohronio pmt tho billowing 1 treatment, 
may be employed: A jet. doiioho of 10 1 ' F. under fonrtoon to eighteen 
pounds pressure is followod hv a full hath at 100' to 10 1 1 F. The 
patient is then plaeed in a dry blanket pack for ton to twenty minutos, 
and then given a cool doiioho. A rapidly udminiMered aleoliol ruh ends 
the treatment. Tla* indirect douche at a temperature of its to 10 1 ’ F. 
applied under a three of fifteen pounds in a warm hath is also employed. 
Wot packs applied from one to two hours, with a subsequent brief cold 
douche, Hindi as tlu* rain douche, an* of value. General diaphoretic meas- 
ures, Hindi as the hot air hath until perspiration is vi-jblo, followed by 
gradually lowered pressure douches, an* warmly endorsed. The .success 
which the spa treatment, of gout, has met seems to rest in part upon the 
severe hygiene then* imposed upon tlu* patients, ns the hydrin trie values 
of tlu* various walers seem no greater than that employed in the hos- 
pitals and sanitaria. 

Chronic Articular Rheumatism.— If in good condition tin* patient, 
should he placed in the hot air cabinet for ten to lift eon minutes, after 
which the jet douche should hi* applied, at thirty pounds pressure, if the 
tenderness is not extreme. The hot air water douche at 1 to 1 to lib ’ F., 
and the cold douche at H0° F., alternating with one another for fifteen 
and thirty-second periods of application respectively, until three or four 
minutes have elapsed, are utilized. Another form of routine treatment, 
is as follows: The patient receives a brisk rubbing while in the full 
hath of 10*J° to 10*1° F., which is continued eight to ten minute*. Fpon 
leaving the hath lie is placed in a hot dry blanket pack in which he 
remains eight, to twelve minutes. A live-minute alcohol ruh conclude* 
the procedure. Later a hot douche. Kill ’ to 10 1" F., before the hath may 
he given. It should not he applied to the head. Massage and a cool 
douche after the hath may he employed. 

Hteam hath* and wet packs may he of value. They should he followed 
by low temperature applications, as cold ruh* or three to five-minute cold 
half baths. The Scotch douche and circular compresses applied locally 
are most valuable. Tt, is possible by these various procedure* to improve 
the circulation of the affected parts, cause absorption of effusions, and in- 
crease the mobility of the diseased joints. Atrophy of the surrounding 
muscles may he combated by massage or by the use of a very brief cold 
shower hath to the part in question. Faradization of tlu* joints for a 
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short time, ten to fifteen minutes, enables the patient to withstand greater 
mechanical stimulation. 

Muscular Rheumatism. — The most common varieties of muscular 
rheumatism are lumbago, pleurodynia, and torticollis. For these hot dry 
packs, with moderate mechanical stimulation, may be employed with 
happy results. Baruch recommends the use of the hot air cabinet for five 
to fifteen minutes, followed by the pressure jet douche. The pressure 
should be thirty pounds unless much tenderness be present. Should the 
condition tend toward chronicity, alternating temperature applications 
will prove of value. 

Diseases of Qenito-TJrinary System 

Bladder. — Cystitis. — Inflammatory processes of the bladder may be 
treated by prolonged baths and irrigation. The hath is usually given at 
a temperature of 100° F., and is continued for eight hours daily. While 
the bath is given the bladder is continuously irrigated. Hunner reports 
six cases of bladder disease as favorably influenced by this treatment. 
Warm sitz baths, 8G °-90° F., for thirty to sixty minutes, are recom- 
mended. The hammock bath at 95°-100° F., applied hours daily for a 
long period of time, even months, often affords relief. But the incon- 
venience and trouble involved are hardly repaid by the results. 

Nocturnal Enuresis .- — Affusions at 60 ° F. and the half bath are 
recommended. Cold rubs and cold plunges at 60.8°-64r.4: 0 F. are of value 
to effect restoration of the lost sphincter tone. If these measures are 
not fruitful, the short cold sitz bath may be tried. 

Kidneys. — Acute Nephritis. — Gentle diaphoretic measures are indi- 
cated in acute nephritis. Moderate sweating can be secured by the use 
of hot baths, 100°-108° F., lasting from fifteen to thirty minutes. The 
effect of the baths is prolonged by the use of a dry blanket pack after 
the bath. Moderate diaphoresis is highly desirable, as it jflaces less strain 
on the heart and lessens the danger of uremia due to sudden elimina- 
tion of a large portion of the liquid portion of the blood. Such treatment 
is based upon the assumption that the skin may partly assume the renal 
excretory role. This view is not entertained by many noted scientists, 
who claim the excretory function of the skin is so slight as to be practi- 
cally negligible. It may be that the warm baths increase the toxin de- 
struction or its modification or its elimination by the kidney and bowel. 
For the nephritis of febrile diseases, particularly that of scarlatina in 
infants and in the extremely young, the warm bath, 100°-101° F., is 
used; for older children full tub baths at 90°-100° F., with the child 
in a blanket, render best service. Half baths at 73°-77° F. combined 
with strong dry rubs are recommended. Copious drinking of alkaline 
waters augments the results obtained by these measures. 
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('} ironic Xephrilh. — The treatment of chronic nephritic conditions 
is mainly diaphoretic. This is particularly true in t lit* eases of inter- 
stitial nephritis. As a rule 1 , the diaphoresis is more rigorous than in acute 
nephritis. Hot and cold applications are employed. Of the former 
one may select the hot hath, the steam hath, the hot air hath, or the (‘lee- 
trie lijo’lit hath. Dry heat is less effective than moist. If there he pro- 
nounced sclerotic changes in the arteries the huths must, he given cau- 
tiously. The application id’ the cold Reiter coil to the preeordiuni will 
quiet, the heart during the period of thermic excitation and guard 
against, cardiac weakness. The electric light hath, in thirty -minute ap- 
plications, followed by a blanket, puck, has given excellent- results in 
nephritis with edema. 

The following measures may he employed in the order given: The 
electric light hath for fen minutes, followed by a circular douche at 
102 c ’-H>t»° R, at twelve to lift ecu pounds pressure, for thirty to forty 
seconds; then the jet douche at the same temperature and pressure ap- 
plied for thirty to forty seconds; dually, vigorous dry friction. Baths at 
l>5°-10(>" R may he list'd in subacute eases. All these hydrotherapeulic 
measures must he combined with dietetic treatment, especially restriction 
of iluids. 

if the rigid vessels can withstand the initial stimulation caused by 
the shock of cold application*, the cold douche, the cold rub, cold baths, 
and f lit' cold park may be used, ('out muons packs at TO 1 ’ R over the 
loins and abdomen, changed every five* hours, coupled with baths at. the 
same temperature, are highly recommended. 

The effect of hydriatrie applications is to increase the percentage of 
urinary solids. This increase may persist, for several days after the ap- 
plication. The cold measures are most effective in augmenting the vol- 
ume of the urine. 

Uremia . — Ilot wet packs applied for thirty-minute intervals every 
:our hours, ami vapor baths, given by covering hot bricks with wet cloths, 
.‘ontinued for an hour, are employed. Careful enteroclysis with water 
it a temperature of 1 10°-120° JR may he fried when all else fails. 
£clamp(i« manifestations sometimes yield to the wet pack at 7<) ’ R ap- 
plied for one hour. Alcohol sweat, baths an* of value. The withdrawal 
d’ blood up to one liter should not hi* delayed. If it he possible to obtain 
strong reaction, cold in the form of half baths at. UK *-7L<> R or cold 
ret packs at 7<)° R arc utilized. 

Prostate and Urethra. — -Acute Uotwrrhca. — Local thermic applica- 
nts arc recommended in gonorrhea. The usual form employed is im- 
lersion in water at. a temperature, of J0r>°-nr>° R for ten to fifteen 
ii miles three or four times a day. Local cold measures are also en- 
orscil. 

Uonorrh cal . 1 rth ritis. — See J oint Affect ions. 
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Prostatitis . — Continuous irrigation, as described under cystitis, pos- 
sesses special value in relieving prostatic diseases. The water used in 
the acute form may be cold, that is, at a temperature of 50° -5 3. 6° E. 
Care must be exercised to avoid increasing vesical irritation, which is 
often present. Chordee may be relieved by the hot hip hath. 

Salpinx-Uterine-Ovarian. — Amenorrhea . — Amenorrhea is usually ac- 
companied by a relatively scanty blood supply to the uterus. Its correc- 
tion is usually achieved by hot local applications. Plot sitz baths at a 
temperature of 110° -114° E., lasting ten to thirty minutes, and the hot 
vaginal douche at 105°-110° E., are the measures most often utilized. 
Plot full baths may be pressed into service. The benefits accruing from 
the employment of these procedures may be increased by general massage 
in all cases, and in a few specially indicated cases by the kneading of 
the pelvic tissues. Later, measures to increase the systemic tone may 
be adopted. 

Dysmenorrhea. — If spasm of the uterus is found accompanying pain- 
ful menstruation, hot applications are efficacious. Those of choice are the 
hot sitz bath before retiring, hot douche, and hot compresses. The range 
of temperature should he from 108°-115° E. Nauheim baths are recom- 
mended by Baudler. If the dysmenorrhea is due to faulty nervous mech- 
anism, general measures should be instituted to reestablish the normal 
function. 

Chronic Endometritis. — To increase the vascular tone and remove 
the excess of blood a vaginal douche at 108°-115° E. should be given both 
upon arising and just previous to retiring. One to two and a half gallons 
of water should bo used, to which enough salt should be added to deter- 
mine a physiological saline solution. Excellent results are yielded by 
the Nauheim treatment if but little connective tissue overgrowth has 
occurred. Short cold sitz baths at 85° F. may be tried. During gestation 
the hydriatric measures should be employed with extreme caution. 

Menorrhagia. — Of the local applications designed to lessen profuse 
menstruation, the long continued vaginal irrigation at a temperature of 
120° E. produces excellent results. In addition general and local meas- 
ures directed against the causal factor should be installed. Extreme 
cold in the form of cold vaginal douche and ice applied intravaginally 
and cold rubs, is used. 

Chronic Metritis. — This is rarely found except as an accompaniment 
of. endometritis. Nauheim baths are recommended for those forms due 
to incomplete involution and inflammation. In general, the treatment is 
similar to that of endometritis. 

Acute Salpingitis. — The severe pelvic pain usually present may be 
modified considerably by prolonged vaginal irrigation. Two to three 
gallons of normal salt solution at 110°-120° E. should be used three times 
daily. Hot abdominal compresses are valuable adjuncts. If severe pain 
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yields not 1*> these measures, the ice may he fried. Should the con- 
dition become chronic, the Nauheim bath will exert a de-i ruble sedative 
effect upon tilt* pelvic eirculatioiu 

Testicle.- — Dpididpmitis and Orchitis . — Thick compresses wef. in a 
saturated solution of magnesium sulphate at bit F., renewed everv half 
to one hour, lessen the pain and promote absorption of the intlaimmif ory 
exudate. 


Diseases of ( fast rid n test find Tract 

Biliary-Hepatic. — Vhtdrliihiasis.-- The chief value of the hvdriatric 
measures in the treatment of gallstones is the relief of the paroxysmal 
pain of the biliary colic. Warm applications render the greatest .service 1 . 
The hot. hath pack is highly recommended. This is applied as follows: 
Tho patient is placed in a hath tub and cmcrcd with water at. tut ' F., 
which is gradually increased to lie” F. The entire bath has a duration 
of tive to ten minutes. When the bath is concluded, the patient is 
wrapped in a hot. sheet, and blankets and allowed to remain for thirty 
minutes to an hour. Then an alcohol rub or affusions at bo F. is given. 
Hot water may be given by mouth and gastric lavage may be employed. 
Tin- latter lias proved effective in obstinate eases. The trunk eompress 
with the hot, coil often gives relief. 

Hepatic. Hyperemia.— Daily cold sit z baths at lb. I '-50 ' F. contin- 
ued for five to ten minutes, and cold shower baths combined with cold 
movable fan douches to tho skin over the liver often succeed iu diverting 
the blood supply to the superficial tissues. The venous stagnation so 
frequently found in the liver is usually a mauifestuimn of cardiac or 
pulmonary trouble, and is relieved by measures directed toward the im- 
provement of the heart and lungs. 

Enteric Diseases. — Constipation .*- ('otistipafion arbimj in the absence, 
of organic disease is related to an atonic or spastic condition of the in- 
testinal musculature. It is of highest importance to distinguish between 
these two tonus as the hydrotherapeutie management of oach is radically 
different. 

In the atonic form, general measures to invigorate and tone the faulty 
muscle should be employed. Iu patients of good pliy-iqiie cold mav be 
applied at once, as a eompress or douche. In the le-s heroic warmth 
to the point, oi perspiration is required prior to the administration of 
the cold applications. For atony one 1 may proceed by upplving 
the hot air hath or eloetrie light, hath until moderate diaphoresis is in- 
duced. This is followed by the circular douche* at 1 R, under 

fifteen to twenty pounds pressure, for one minute. Tin* Scotch douche, 
with one-quarter inch nozzle and lift ecu to twenty-pound pressure, is 
applied over the colon at 00° and 112° F. for fifteen -second intervals. 
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A fan donclie at 75° E. and twenty pounds pressure, for ten seconds, to 
the hack, abdomen, and chest, and massage to the abdomen with particu- 
lar application to the colon, end the prescription. An open air walk 
augments the effects of the treatment. Irrigations of cold water at 64.4°- 
71. G° E., beginning with small amounts and later increasing to one quart 
are of value. The cold rub followed by a brief cold sitz bath of not over 
five minutes in duration, exerts a particularly happy effect upon the en- 
teric neuromuscular mechanism. 

The spastic variety of costiveness requires calmative measures. "Warm 
or hot applications are more efficacious than are cold in effecting this 
desired relaxation and sedation. Warm or hot sitz baths at 104°-110° E. 
for twenty minutes, hot compresses to the abdomen, brief warm douches, 
and irrigation of water at 104° E. are the measures of choice. Care-, 
fully graduated cold enemas administered upon awakening have been 
advocated. 

Diarrhea . — If purging be due to dietetic errors, the removal of the 
irritant material is imperative. This can be accomplished by cold hip 
baths, 50°-G4° E., applied from one to five minutes. Irrigations are also 
of service. Should undue peristaltic activity be the cause of the diar- 
rhea, hot sitz baths at 100° E. given from thirty minutes to one hour, 
the hot coil placed over the stomach in conjunction with a wet compress, 
and half baths at 100° E, are the indicated measures. The symptomatic 
diarrhea of catarrhal inflammation of the intestine disappears when the 
hyperemia, hypersecretion, and hypermotility are reduced to normal. 
This reduction may be realized by the intervention of moderately pro- 
longed cold measures. 

One routine plan is a cold rub, followed, without drying the skin, by 
a sitz bath at 50° E., for ten to thirty minutes. The abdomen receives 
a strong rubbing during the sitz bath. When the bath is ended an ab- 
dominal binder is put in place and replaced when quite dry. Another 
prescription begins with the hot air bath until the skin is hyperemic. 
This is followed by a wet sheet rub and a simultaneous hip bath at 
70° E., and a foot bath at 110° E., for ten minutes. This may be given 
daily with gradual decrease in temperature of the hip bath to 50° E. 
The hammock hath at 95°-100° F. often has a benign influence. 

Acute Enteritis . — After the contents of the intestines have been ex- 
pelled, the severe pain and the diarrhea may be lessened by hot applica- 
tions. Should clironicity develop, the half bath at 70° E. reinforced by 
the repeated pail-pour seems favorably to influence the course of the dis- 
ease. 

Acute Appendicitis . — The use of cold, as a cold coil, the ice bag, or 
an ice poultice, prior to operative interference lessens pain, emesis, and 
singultus. A protective gauze application should intervene between the 
skin and the ice to minimize the danger of gangrene. 

16 A 
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General Diffuse Peritonitis . — The treatment here is identical with 
that of appendicitis. Should proctoclysis b«* adopted, it. should be very 
gentle. 

Gastric Diseases . — Atony of stomach. -■ llrief eold applications, en- 
lianeed by kneading the abdomen, partially region* the lost tone and im- 
prove tin* sluggish circulation. The eold rub followed by a short cold 
hip bath may be used. The hot air bath or warm bath to induce visible 
sweating, by a jot or fan douche at <10° R, applied to the abdomen for ten 
to thirty seconds, is productive of benefit. 

Acute Gastric Catarrh . — Ilvperemesis yields, as a rub*, to ice water or 
ice. Tiu* abdominal binder renewed every three or four hours may be 
employed. If hit'll fever arises, general heat-reducing measures are, in- 
.dicat ed. 

Chronic Gastritis . — Tf atony and dilatation of the stomach are asso- 
ciated with this disease Ihey should be combated by tin* appropriate meas- 
ures. The gastritis Is treated by the half hath at 70 R, concluded by 
the pail-pour, repented several times. Lavage often rentiers sturdy serv- 
ice in ridding the stomach of thick tenacious mucus. General invigorat- 
ing treatment, should he instituted. A eold rub upon arising, with sub- 
sequent vigorous mechanical stimulation and exercise, is followed by the 
jet and fan douelu* at SO R This temperature may be gradually low- 
ered in the later applications, which should occur once every twenty four 
hours. This treatment has proved very etlieient. 

Gastroptosis , — After a hot bath at 10.V R for live minutes, late, in 
the forenoon, a spinal douche at 100"- 1 Oit ' R of twenty pounds pressure 
is applied for ten seconds. Then the patient returns to hod, and the 
abdomen, particularly the epigastrium, is well covered bv a lad wet, flan- 
nel compress, which is heated by an electric pad and renewed two hourly. 
An elastic*, hinder tightly encases all. This prescription is recommended 
by Lockwood. 

Dilatation of the tftomaeh . — This morbid state is usually found in 
conjunction with atony, and its treatment, is practically that of atony. 
Lavage of the. intestines and irrigation possess special value in this dis- 
order. 

Nervous JJyspcpsia. — The* hot air bath at lW> n -170* R for six min- 
utes, succeeded by a five-minute friction tub bath at. UK ' R; then by the 
rain douche of twenty pounds pressure at t)f> ' R, gradually lowered to 
00“ R. ; and then by the spray douche at NO" R for five seconds followed 
by mechanical stimulation, has given excellent results in the bands of 
Jhtrueh. The jet and fun doticdies may Ik*, used with the temperature 
daily decreased. 

Gold sits; baths at r>0°-G0 o R, lasting from three* to eight minutes; 
cold sheet rubs at f>:i°-04 n R upon arising, and brief eold shower baths 
are of service. The malady is very resistant to treatment.. 
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Ulcer of the Stomach . — To promote a greater blood supply to the 
stomach is one of the initial remedial steps in treatment of nicer. The 
cold sitz bath at 50°-54° E. for three to five minutes and trunk com- 
presses combined with a brief application of the hot coil to the abdomen 
serve further to increase the blood flow. In addition, the last meas- 
ure increases the alkalinity of the blood (Buxbaum). Cold compresses 
to the stomach are of service. To control hemorrhage one may place 
ice water or ice in the rectum and apply the cold stomach coil. The 
latter serves more efficiently when combined with the cold stomach com- 
press. A strict dietary regime must bo used in conjunction with the 
hydriatric measures. 

As gastric ulcer frequently occurs in chlorotics, prophylactic treat- 
ment should be instituted in all cases of chlorosis. Cold sitz baths at 
46°-57° E., for three to five minutes daily, abdominal packs renewed 
every three hours, with a fifteen-minute application of the abdominal 
coil at 104° P. once a day, are the measures often employed. A cold 
pack for twenty to thirty minutes, followed by half bath at 70° P. for 
two minutes, is of value. The pain is relieved by the application of the 
electric pad to the epigastrium. 

Specific Infectious Diseases 

While control of the body temperature is the cardinal aim of hvdro- 
therapeutic measures in acute febrile disease, other manifestations of the 
toxemia should not be overlooked. The rapid heart, the lessened blood 
flow, the quickened shallow respiration, and the emesis are as cogent 
in their claims as the fever. The altered metabolism as indicated by 
the increase in the urinary ammonia, nitrogen, and the decrease in the 
urea nitrogen, the lessened alkalinity of the blood, and the alteration 
of the morphological elements of the circulatory fluids also claim atten- 
tion. Hydriatric measures are able to exert a beneficial influence upon 
all these abnormal expressions. The applications in vogue are the partial 
ablution, the half bath, the full bath, the continuous bath, the hammock 
bath, the Brand bath, the wet pack, the cold rub, the trunk compress, 
and cold applications over the preeordium and to the head. 

Diphtheria. — The wet pack changed at uniform intervals, with the 
final application continued until visible perspiration appears, and then 
followed by a bath at 75°-82° E., combined with vigorous affusions, yields 
happy results. Ice finely subdivided applied in bags to the throat often 
modifies the disease. 

Influenza. — Hot baths are recommended. Sheet baths may be effec- 
tual in increasing the systemic tone. 

Exanthemata. — Measles . — Pull baths at 103°-107° E., lasting from 
three to six minutes, according to the age of the child, given five or six 
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times daily, have mol. with wonderful success according to their sponsor, 
Dr. Grosso. As tin* disease is developing, baths at S)5 -101) F. nro fre- 
quently employed. Many merely sponge with cold water, especially if 
there lie hyperpyrexia. lirief plunges into water al. fi.V’-UO ' F. often 
inlluonoe the extreme eases. l > nlnmnary complications art* considered 
later, 

tfcarla(iiw.~-T\io remedial value of hydrotherapy in scarlet fever is 
manifest in the decreased th*ath rati*, the low percentage ot complications, 
and the lessened period of infeetivilv of the disease. The applications 
may he <*ilher In >t or eold. Warm or tepid sponging is applietl twin* 
daily in ordinary eases. The warm hath at OO'MhS 1 F. given onee in 
twenty-four hours is also etfeclual in eases «»f tm»tli*rate severity. In 
desperate eases haths at 5)0‘ K., of live to ten minutes' 1 duration, repeated 
c.vory four hours, are very ellieii nt in allevi.it iug the symptoms. Han- 
som eites ihree eharaeterist it* east's in whieh tliesi* applications were 
of demonstrable value. The lml hath at t)S' , -10 1° I 1 '., or lmt air hath, is 
employed to relieve anuria. Dry parks may he subsequent ly applied. 
Although a temperature of 10d F. is the indication for the application 
of cold, undue depression, tachycardia, and insomnia also demand it. 
The Kerley graduated cool puck, math* of Turkish toweling, applietl to 
the torso, ami kept in place until the temperature is 102" F., is a valu- 
able measure. The initial temperature is DO' F. ; by reduet ions of live 
degrees every live minutes SO" F*. is reached, at which figure tin* tem- 
perature is kept, thirty minutes. At the expiration of that time, if the 
fever is not perceptibly diminished, the temperature of the pack is re- 
duced to TO" F. or 00 ' F. Partial ablutions at 72 ‘-NO F. of a duration 
dependent upon the readiness of tin* reactive* response may he employed 
In tin* early stages, allusions at fit) -70" F., following the to ten-minute 
full hath at 105" F., often relio\o an embarrassed heart. The pyrexia 
may he reduced hv graduated ablutions, which are instituted with a 
temperature of 00 F., and with each administration reduced one degree 
until 75 F, is reached. The wet pack may he employed. In a series of 
one hundred and ten cases treated hv coot applications not one ease of 
nephritis developed. Angina and adenitis are treated by cold compresses. 

Syphilis. — Some increase in elimination of toxic materials is caused, 
by the diaphoresis induced by tin* steam cabinet hath. Sweating may he 
also provoked by the dry pack. These processes offer no interference 
to the cutaneous absorption of mercury. On the contrary, they seem 1<> 
enhance it. General stimulating measures are employed to increase the 
systemic vigor and offset the general effect, of the circulating poison. Of 
these the cold shower hath following a one-hour application nf the wet 
pack is quite effective. This procedure, however, should not extend over 
five days. The beneficial results obtained at such spas as Ml. Clemens 
and Hot Springs depend more upon the strict mercurial treatment ad- 



HYDE 0 THERAPY 


217 


ministered than upon the chemical properties of the various waters used 
in bathing. The value of the bath lies in the extreme cleansing of the 
epidermis which leads naturally to a more rapid and thorough absorp- 
tion of the mercury. It is claimed that the waters of Aix-les-Bains, by 
the virtue of their calcium sulphid content, exert, when applied exter- 
nally and internally, a partial curative effect in lues. 

Tetanus. — The application of heat yields the better results, although 
cold measures have been the more employed. Of the warm applications 
the hot wet pack of 100° to 110° F. and the warm bath are most effective. 
Combined with antitetanic serum, they help to oppose the advance of the 
disease. 

Pulmonary Tuberculosis. — -Prophylactic treatment of tuberculosis af- 
fords a valuable field for tbe practice of hydrotherapy. The establish- 
ment of thorough prophylaxis is sometimes designated hardening ” It 
should he commenced early in those suspected of a tubercular predisposi- 
iion. It is instituted by gradually lowering tbe morning bath to 86° F. 
The hath should seldom exceed ten minutes in duration, and when ended 
a cold affusion of 70° F. should he given, and then brisk friction applied. 
Older children may be immersed in water at 80° F. for one to four min- 
utes, and rubbed vigorously while in the bath. Undue heat loss is avoided 
by making the application in the morning. Exposure to sunlight and 
artificial or natural sea bathing often serve to increase the general re- 
sistance. 

When the disease has developed, cold sponging with ordinary tap 
water, practiced each morning, is valuable. Poor circulation is a contra- 
indication to this procedure. The chest compress and the cross binder 
applied for long periods of time are useful remedial adjuncts in con- 
trolling pain, faulty respiration, expectoration, and cough. They also 
exert a favorable influence on the course of the disease, stimulating the 
encapsulation of infective foci and enhancing the absorption of caseous 
or necrotic tissue. This is probably due to increased pulmonary blood 
flow. 

The Cornet method of hydriatric routine may he employed: The pa- 
tient receives, at first, simple friction mofning and night, until a strong 
reaction appears. After one week of this, friction is made with a cloth 
wet with water at a temperature of 92° F. This temperature is grad- 
ually decreased to 6G° F. in the course of' several treatments. One-half 
hour of rest is enforced at the end of the treatment. If this treatment 
has been tolerated well, two-minute rubs in a sheet wet with five per cent, 
salt solution, at 90° F., are inaugurated. The brine is made more cold 
each day until 60° F. is reached. An open air walk for one hour fol- 
lows the treatment. Douches at 90° to 95° F. may he used, except when 
copious expectoration or increased nervous excitability is present. It is 
possible so to adapt patients to cold measures that they take douches 
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of lap water ai a temperature of -JO' K. during <lu» winter, and appar- 
ently suffer no inconvenience. Another method eon-isN in beginning 
ablutions at moderate temperature, lb*) F., and gradually reducing the 
tem])eriiture daily, until 00 F. is reuelied. Then the ablution is sup- 
planted by an affusion at 00 F., which in turn juices through the de- 
scending steps until 50° F. is obtained. Thi* affusion i- praetieed daily. 
Four basins full of water are u-ed at eaeb treatment. 

In tin* preseiit*e of fever all violent measures are eout raiudieated. 
Tbo <*ool sponge bath usually controls the fever, hut il it. fails, iee ruhs 
should Ik* (riod. Hemorrhage is met hv iee hags or the eold belter coil 
to the thorny and Ihe thighs. 

Yellow Fever. — Diaphoresis by means of the* blanket, park should ho 
induced. Iu the beginning of the disease hot foot baths at 10.*> -110’ F. 
may be tried. 

Asiatic Cholera. — A eold rub in a Hioet completely or partly wrung 
from water at -I.V-aO*' R, or a half hath for two to live minutes at (iS‘h 
80* R, often prevents flu* appearance of diarrhea. Early entemelysis 
with warm water often relieves the spasm of the intestine, A eold rub 
in a sheet at. I>2 F., followed by a sit/, bath at 8 -12 F. for fifteen to 
thirty minutes, may check purging and favorably influence vomiting. leu 
cooled water applied as rubs and sit/, lmths is indicated when the disease 
ivs very severe. 

Cholera Infantum. — (\dd baths are not advisable. The happiest re- 
sults follow the use of baths ON -100 11 R givt n frequently for intervals 
of live to fen minutes. The addition of mustard to the bath will en- 
hance the benefits accruing therefrom, (hire must be taken, however, to 
protect the eyes from the. irritation of the mustard ami also from the 
infective agent of the disease. If convulsions appear or collapse or low 
temperature ensue, heal, either by the hot bath or incubator, or both com- 
bined, should bo at. once applied. 'Pin* following methods taken from 
Timlin- Maloney will prove of use to combat collapse, convulsions, and 
low temperature*: 

“Two methods of giving the hot bath may he. followed. In one, the 
infant, having, let us say, a rectal temperature of N;t.2 ’ R, is plunged 
into water ol 100. -1 ' F. and left there fifteen to twenty minutes, Tlui 
rectal temperature is then found to rise to progressively 0.“ , 00.8°, 
lhS.tr, and OO.rr R The infant is then taken out of the hath and placed 
in an incubator, ami the rectal temperature taken several limes to find 
the duration of the action of the hot water. 

‘‘In the other form of administration the infant is immersed sud- 
denly in water which has a temperature one degree* higher than that of 
tin* hotly, l)«V’ R in this cast*. The temperature of tilt* water is then 
gently increased until it reaches 100. V F. while tin* temperature of tin* 
infant gradually rises to 00.5° R After twenty minutes it is placed in 
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an incubator. It is found that the temperature in the latter case remains 
nearer the normal, and falls slower than in the former.” 

Dysentery. — Tlic form of this disease caused by an ebic invasion of 
the intestine is treated successfully by cold enteroclysis with water at 
40° F. or even ice-cold. The fluid should be administered gently in 
order to obviate pain. Ice suppositories may be tried in the bacillary 
variety. The careful introduction of warm saline solution into the colon 
after defecation is effective in controlling pain and diarrhea. 

Typhoid Fever. — The best results of liydrotherapeutic management of 
enteric fever are obtained when the treatment is instituted at the onset 
of the disease. As a rule, the cold applications are employed, and of 
these the Brand bath enjoys most favor. While with some authorities it 
has been partly supplanted by less heroic measures, accumulated statis- 
tical evidence attests its efficiency. It is given as follows: A portable 
tub is placed by the bed and two-thirds filled with water at 70° F. An 
ounce of wine or a spoonful of alcohol is given twenty to thirty minutes 
before the bath, or four ounces of hot coffee may be administered just be- 
fore immersion. After wetting the face with ice water, the patient is 
placed in the tub and the entire cutaneous surface mechanically stim- 
ulated by a sponge. The initial shock and the feeling of coldness usually 
incite desire in the patient to quit the bath, but in absence of symptoms 
of collapse or marked shivering, immersion should continue for fifteen 
minutes. Twice during the bath one -half gallon of water at 50° F. should 
be poured over the shoulders and head. A slow pulse of small volume 
does not indicate withdrawal from the bath. At the expiration of fif- 
teen minifies the patient is wrapped in a sheet and blanket, placed on 
the bed, and, if his temperature exceeded 103.5° F., evaporation is per- 
mitted in order to increase heat loss. If shivering be extreme the skin 
is dried and he is returned at once to bed. Artificial heat is undesirable, 
but may be needed to insure reaction, although vigorous rubbing and 
curtailing the length of the next' bath are superior methods of furthering 
the reactive powers. Four to six ounces of ice water are given twenty 
to thirty minutes after the bath, and an abdominal compress at 60° F., 
renewable hourly, is applied. The bath is repeated every three hours 
or oftener if indicated. A temperature exceeding 102.5° F., a low mut- 
tering delirium, extreme muscular twitching, insomnia, and other mani- 
festations of toxemia demand immediate bathing. The total number of 
baths is variable; as many as one hundred and seventy-five have been 
given to one j^atient. The wonderful results of the Brand bath are shown 
by the fifty per cent, reduction of mortality from typhoid recorded by 
Dr. Thompson from Hew York hospitals. In Australia, of nineteen hun- 
dred and twenty-three cases so treated, only seven per cent, died (Hare). 

Various modifications of the Brand bath have been offered. Affusions 
at 70° F., gradually lowered to 60° F., * are endorsed by Cabot. The 
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li!inmiu(‘k hath at SK° F., in which the patient ir* kept until the tempera- 
lure taken per reetum is 100 F., whereupon the hath is omitted fur two 
hours or until the temperature* again mount* to lOJ.o ’ F., mthih to he 
nearly as eilieaeious as the eold hath. The eohl bath may he abbreviated 
from eight to live minutes and employed <*v(*rv three hours wlum a poor 
reaelion results. As the recuperative powers inere.i-e, the duration of 
the hath is prolonged to it f minutes. The partial ablution i-, used 
also 1o test the relief ion. Tin* general effect of these modilied 1 »at li« is 
not. equal to that of the original measure. 

As mentioned above, sonic* medical men regard the eold hath as too 
severe, and have devised substitutes entailing less distress to the patient. 
The ire rub, which is the* strong application of a flat piece of ire to all 
of the body except head and neck, exposing only the part worked upon 
at. a time*, is warmly endorsed by Hare*. A fall of two degree’s in tem- 
perature and a slowing of the heart usually result from ice rub*; spong- 
ing with cool water is claimed to he effective in eases in which the tem- 
perature is not (ivrr Kir-lOf 1 F, The graduated hath beginning at 0.*i ’ F. 
and (dosing at SO' 1 F. is employed. Full warm baths at ?nS F. shortened 
flic course of the disease and reduced the mortality from ten to eight and 
one-half per cent., according to Ricss, who has employed this measure 
in eight hundred and nine eases. A temperature of 10:J ‘ F. requires 
the tul) for live to ton hours until the* rectal temperature U 100 F. Ii. 
seems, however, the substitute’s fail to equal in ollieaey the Fraud hath. 
The statistics concerning the*e modi Heat ions are incomplete, hut yet they 
indicate a higher death rate* than follows the use* of the Fraud method. 

.Hemorrhage is met. hv rest and cold abdominal applications. let* 
may he used with due precautions against gangrene. 

Malaria. — All applications should anticipate the paroxysm, for once 
the chill begins it cannot he cheeked. Abortive treatment i* ellieienf. A 
cold douche* at 00 F. under twcnly to thirty pounds pressure to the 
back for live* minutes, with a simultaneous hot foot hath, lias proved a 
valuable routine prescription. Fold hip baths and cold t touches have 
cured malaria of several years' standing after arsenic and quinht had 
failed. Two hundred and seventy-two reported eases have yielded to 
hydrotherapy alone. Tin* following prescription is effective: A hot air 
bath is given for five to ten minutes about, one hour befnre the’ chill. 
Then a douche or affusion at (10 F. is applied over the spine, *ph*eu, and 
liver from thirty second* to a minute. The douche should he used at a 
pressure 4 of from twenty to thirty pounds. While the douche is applied 
a hot foot hath at 100* F. should lie given. The-** may he prescribed 
again in one-half an hour and two applications preceding the chill are 
usually able to prevent its appearance. Should a seizure appear a we! 
pack at ttr»° F. is useful in reducing the temperature, and promoting elim- 
ination. 
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Cerebrospinal Meningitis. — Cold applications, such as the ice bag or 
Loiter coi], to the head and back of the neck are indicated. Hot baths at 
104° E. for twenty to forty minutes, repeated four times daily, lessen 
the pain, spasm, and tenderness and may modify the disease. Early com- 
mencement of the tieatment is of prime importance. In one series of 
fifty-one cases treated by hot baths the death rate was thirty-three per 
cent. The hammock bath at 93°-100° E. may be tried. The following 
routine is the method of applying the hot bath: The patient enters a 
cushioned bath at 90°-93° E., which is then slowly raised to 104° E. Af- 
ter twenty to forty minutes have elapsed he is lifted out by means of a 
sheet, if much pain be present, and then covered by a blanket. This pro- 
cedure is also applicable to the meningismns of children. If tenderness 
be extreme the patient should always be moved bodily on a sheet. As a 
result of the bath the tenderness diminishes, the temperature falls, the 
restlessness and spasm decrease, and the patient sleeps. 

Pneumonia. — Cold applications are selected to treat pneumonia. These 
may he the ice hag, the cold Leiter coil, the Brand hath, half hath. The 
ice hag and coil are placed on the chest and on the head. The reduction 
of the toxemia with strengthening of the heart’s action and of the ves- 
sel tone is the desired aim of the treatment. The beneficial results of 
cold hydriatric treatment are illustrated by a death rate of about three per 
cent, in the report of five hundred cases managed by cold applications. 
Chest compresses and cross binders are valued measures. Alcohol given 
before and after a bath often averts cardiac weakness. The treatment for 
adults is the Brand bath, the details of which were discussed under 
typhoid fever. The chest compresses wet with ico water and renewed 
when dry or warm, or even every ten to twenty minutes, are valuable meas- 
ures. The half hath at G5°-72° E., of five minutes’ duration, coupled with 
vigorous rubbing and affusions at 50° E., is also effective. The ice bag 
should he applied over gauze to the thorax and base of head. An abun- 
dance of plain water should he administered, by mouth, if possible. A 
hot mustard foot hath under blankets, to which hot water is continuously 
added, maintained for forty minutes, is valuable for the diaphoresis it in- 
duces. In the aged, adipose, and intemperate the heart must he given 
careful attention. 

In children the cool wet pack and sponging give excellent results. 
Compresses from 75° to 80° F., enveloping the child from the base of 
the neck to the navel, are also used. 

Diseases of the Nervous System 

Cerebral Anemia. — This may he either a symptom of organic change 
in the brain or a manifestation of morbid processes elsewhere. In either 
case the underlying disorder should he determined and should be met 
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with t ho appropriate I realmcnf. Tin* anemia may lx* combated }>v pro- 
fuse sprinkling of the face and ehe-t with cold water at 75 F. 

Cerebral Hemorrhage. — The application « > f an iee hag nr eap or the 
cold Loiter roil to the head, eomhim d with tlu* compresses to the trunk, 
are the customary hydro! hera pent ie measures in treutineut of hemorrhage 
of the brain. 

Cerebral Hyperemia.— As this condition usually maiufcst.s itself by 
marked sleeplessness, measures which alTord relief for insomnia may he 
effective in lessening tin* cerebral blood supply. Douche application* to 
the spine, coupled with strong friction, and cold measures to the head 
ami the wet pack applied from thirty minutes to one hour arc the means 
usually selected to secure flu* desired effect. 

Chorea. — In event of heart complications the preeordial coil should 
be applied. "Full baths at a temperature from DO'* to its ’ F., and not 
allowed lo fall below SO” R, during the hath of one hour's duration, 
should be given ouee daily. At the conclusion of the bath the extremities 
are gently kneaded. Wet packs applied from one to one and one-half hours 
in conjunction with the precordial coil exert, a decided calmative eifeet. 
The coil should he applied intermittently at thirty-minute intervals. 
A half hath of 8t>° F. for live to ten minutes should follow the applica- 
tion of the wet. packs. A few (nut incuts June effected complete cure* in 
some eases. 

Epilepsy, — Ilydrotherapeutic* measures exert a twofold ejfeef in the 
treatment of epilepsy. They hinder the progress of the disease and re- 
inforce the action of drugs. Thus, with the aid of hydrotherapy, convul- 
sions may he averted nr lessened in severity by smaller doses of hromitls 
and the unpleasant condition known as hromLm may he avoided. Half 
baths at a temperature from SO ’ to SO" F., lasting from eight to fifteen 
minutes, and silz baths at sr»" R, show valuable effects. The baths may 
be followed by affusions and intense rubbing. In the young and robust, 
baths of 7f>‘ F., gradually lowered to OS 1 ’ F., and of a few minutes' dura- 
tion, are recommended hv liinswanger. Ilvdriatrie measures are in- 
effectual to cheek a seizure ouee established. 

Headache. — Headache is often caused, or accompanied, by cortical hy- 
peremia, so the diversion of the blood ilow from the brain and the cord 
to the superficial vessels is indicated. This may lx* accomplished by the 
hot foot hath in water at. t).V' to 100 ' R, lasting ten minutes. A cold 
foot hath, 45° to f>0" R, of two minutes' duration, followed by strong 
friction, is equally as potent. ('old compresses changed hourly should be 
applied to the head. The cephalalgia so frequently a symptom of brain 
neoplasm may often he lessened by hot mustard foot, lmths and hot com- 
presses applied to the spine. 

Hemicrania. — This obstinate malady sometimes yields to wet packs 
applied from one to oik* and one-half hours and followed by cold rubs. The 
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drip sheet is recommended. Mechanical manipulation and friction, pre- 
ceded by diaphoresis induced by the hot air bath or any general measure, 
may be useful. 

Hysteria. — The treatment is mainly symptomatic. Pain and increased 
sensitivity yield to long-continued cold applications. The cold compress 
of 65° F. may be used. The cold jet douche with an initial temperature 
of 80° P., gradually decreased to 40° P., applied for one minute, is 
very effective in diminishing sensory excitability. Anesthesia usually 
yields to the same applications. An ice rub is often an excellent remedy. 

The cold Leiter coil to the spine most admirably controls extravagant 
motor activities, such as cough, respiratory spasm, and hiccough. A 
cold water spray of 50° F. or a brief cold douche at the same temperature 
allays the respiratory excitement, while the troublesome hiccough is ar- 
rested by the application of an abdominal binder in conjunction with a 
hot abdominal coil. Contractures, if recent, often are alleviated and 
removed by the use of the hot coil or full hot baths to 104° to 110° F. ; 
if long established, wet packs continued for one to two hours may be tried. 
Muscular atrophy is best combated by mechanical kneading. If paralyses 
exist, brief cold measures are indicated to improve the errant innerva- 
tion. The cold rub at 60° F., the cold half bath at 65° F., and cold 
brief shower baths should be employed. 

The following prescription is useful in the treatment of hysteria, 
particularly when associated with marked despondency: The hot air 
bath is applied for five minutes; then the circular douche, under twenty- 
five pounds pressure, at 85° F., and reduced gradually to 60° F., is ad- 
ministered for thirty seconds. The spray douche at 65° F. is then given 
for five seconds, and finally the jet douche at 50° F. is applied for three 
seconds over the back. This treatment may need to be prolonged for 
months. 

Insomnia. — Sleeplessness is frequently associated w T ith cerebral hyper- 
emia, but even if it depends upon other factors a derivative vascular 
action is highly desirable. The wet pack for one to one and one-half hours 
is an admirable measure. Nightly sitz baths at 80° F., lowered two 
degrees every day, until 50° F. is reached, applied for three minutes, 
are of value. The warm bath at 90° to 98° F. applied for thirty minutes 
before retiring may produce sleep if the patient, after being rapidly dried, 
be hurried into a warm bed. The room must be warm and there 
must be no delay between emergence from the bath and entrance into 
bed. When insomnia is due to a relative ischemia of the feet the best 
treatment is a running cold foot bath for a few minutes, followed by dry- 
ing with a rough towel (Broadbent) . A cold wet towel applied around 
the neck while a patient is in bed may yield sleep. Sea bathing often 
has a soporific effect. 

Acute Myelitis. — The application of the cold coil to the spine for a 
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loii!-’ period of time gives flu* best results. The temperature should bo 
kept. at. o4 ' F. When the aente priwes- has dwindled, half baths and ihe 
lummuiek or cniitiiiuoiii- liatli may he employed. Heat- should never he 
used in the early stages of the disease. 

Chronic Myelitis. — The hammock hath at h.V' to 100 F. ami tin* con- 
tinuous hath under the same thermic conditions may exert a beneficial 
effect. The half hath at a temperature of Mi tu Mi F. given from four 
to eight mhiules with moderate friction and gently applied affusions 
should be tried. 

Neuralgia. — Warm baths are of benetit to the neuralgias of the head. 
The hot fomentation may he tried. In sciatica the Scotch douche achieves 
wonderful results. Tin* steam cabinet or the hot hath pack followed hy 
the cool half hath may he substituted for the Scotch douche. Tin* latter 
exerts its greatest effects in recently developed eases. Indeed, one treat- 
ment may cure. The effect of the jet and of the Scotch douche* follow- 
ing a warm application, is decidedly happy. A Imf, air hath at 1 7 .V F. 
for eight minutes, followed hy a jet. douche applied lo the .-pine and 
the affected pari, for thirty to sixty seconds, beginning at SH) F. and 
decreasing to <50° F., may he employed. Then under twenty-pound pres- 
sure the Scotch douche at. (50 and 10.V F. is directed against the ver- 
tebral column, lee hags to the* sciatic nerve have been endorsed. The 
anti neuralgic value of hydriatric measure* is doimmMrated by the record 
of Winternitz’s clinic. He treated five hundred and eighty-five cases 
of all types of neuralgias, and all but twenty-nine were cured or im- 
proved. 

Neurasthenia.— -A “neurovascular training' 1 as devised hy Ikmieh is 
an absolute necessity to the majority of neurasthenics, (treat care must 
he practiced both in the reduction of temperature and in the change of 
measures. To commence, an ablution of S.V F. may he given c\crv 
morning and daily the temperature he lowered until an ablution of the 
trunk with very cold water is succeeded promptly hy a good read ion. 
Then t lit* ablutions are supplanted by affusions, which arc graduated in 
flic same fashion. Later the drip sheets supersede the allusion. The 
fan donelu* at SO" F. is linn applied for one minute to the trunk and 
the extremities and is followed by the* jet douche at 70 F. on the hack 
for thirty seconds. The temperature of both douches is decreased one to 
two degree* daily until the lowest, tolerable degree of cold U reached, 
while the pressure is slowly increased to twenty pounds. Half baths at. 
7s to M> n F., coupled with affusion and rubbing until a good reaction 
results, art* of value. Later, cold applications may follow. To avoid 
heat loss tin* treatment should he given upon arising or after the hot wet 
pack or hot air hath. The salt rub with subsequent fan douche at W:i ‘ to 
bit* K. applied from four to eight, minutes along the spine, thorax, and 
extremities possesses great value. 



HYDROTHERAPY 


OO i 


Neuritis. — The hot applications usually afford great relief. The hot 
bath pack, hot compresses, and hot baths of 104° F. may be used. The 
steam douche is valuable for its derivative action. Should the neuritis 
arise from trauma an ice pack or a poultice should be employed locally. 
Magnesium sulphate compresses at 50° F. may be used for the neuritis 
due to alcoholism. Wet packs applied one hour daily hasten recovery 
after tenderness subsides. An affusion at 50° to 60° F. should follow 
the pack. 

Occupation Neuroses. — Shower baths at 45° to 60° F., combined with 
a fan douche at the same temperature, applied locally, yield excellent 
results. The cold coil, ice poultice, and the ice hag as continuous meas- 
ures are valuable auxiliaries. The ice hag and ieo poultice should be 
withdrawn fifteen minutes in each hour. Low temperature applications 
are aided by strong mechanical stimulation. Passive motion is highly 
effective. 

Paralysis Toxemias and intoxications are responsible for many of 

the limited palsies; in these cases the general emunctories should he stim- 
ulated. Circulation to the paralyzed parts should he increased. The 
steam bath or the hot air bath for eight to fifteen minutes, succeeded by 
a cold ablution at 45° to 55° F., or a cold rub, produces excellent re- 
sults. The {Scotch douche and the wet pack at 05° F. for two hours are 
useful measures. The palsies which follow diphtheria are benefited by 
the daily use of half baths at 70° to 75° F. for two to five minutes. Vig- 
orous affusion should accompany these baths. 

Tabes Dorsalis. — Happy results are often produced by alternating 
temperature applications followed by gentle rubbing. Tlie thermic range 
of these applications should be very slight. Baths at 95° to 100° F. for 
thirty minutes to one hour may be employed. For tlie arterial spasms, 
irrespective of the site, alternating temperature sitz baths and the cold 
coil placed to the spine may be tried. As a rule, however, the crises are 
little affected by treatment. The following prescription from Hinsdale 
is effective in the beginning of the disease: The hot air baths for eight 
to ton minutes, the circular douche under twenty pounds pressure for 
two minutes at 90° to 105° F., followed by the jet douche at fifteen 
pounds at S5°-100° F. for one minute. Then for one-half minute at 85°- 
105° F. under fifteen pounds pressure the Scotch douche is applied; and 
the fan douche at 80°-85° F. under fifteen to twenty pounds pressure for 
twenty seconds, followed by an alcohol rub, concludes the treatment. 
Daily the temperature should be decreased and the pressure increased 
until the fan douche reaches 70° F. and Scotch and jet douches are driven 
by a force of twenty pounds. Half baths at 80°-85° F. applied from 
five to ten minutes may he used in the late ataxic stage. If the ataxia 
is marked or paralysis is present circular douches at 100° to 105° F. 
under twenty pounds pressure, applied for one minute, following the ap- 
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plication of llit* lint ail* hath for ton minute.*', an* of value. The fan 
douche at 105’ F. to 120 J F. will increase the effect. Moderate sea bath- 
ing may lie of value, hut should Ik* employed very cautiously. The ham- 
mock hath at 100" to HbV F. is of henotit. 

Spasmodic Tic. — (\dd shower baths at. 10" to 55" F. for one to two 
minutes produce the host results in this disorder. In general, stimulat- 
ing measures are applied, hut the* treatment is unsatisfactory. 

Mania. — In eases of cerebral excitement which accompanies alcohol- 
ism, dementia procox, chorea, epilepsy, paresis, puerperal states, and 
general acute manias, the hammock hath produces excellent results. The 
temperature of the hath should he between 05 ’ to 100 ' F. and should 
never fall below 05" F. (’overiug the top of the hath tub with a blanket 
or other covering prevents heal radiation and tends to keep the 
lomporature of the water constant. When the hath is continued 
for several hours reduet ion of the excitement is produced. The 
duration of tin* hath, if the patient {fives no contraindications, is 
proportionate to the amount of excitement present. When the hath 
is ended the patient, should In* quickly covered by a warm blanket 
and rapidly placed in a warmed bed. Daily douches graduated from 
100° to 75" F. decrease tin* cerebral exaltation. The continuous hath 
applied daily from ten to twelve hours at a temperature from U.V to 
105" F. gives even superior results to those* obtained by tin* u.-k* of the 
hammock hath. Profuse diaphoresis induced by means of hot air, elec- 
tric light, or steam cabinets succeeded by a rain hath of live minutes 
at a temperature of 95° F., decreased to SO 1 F,, is of value. 


Diseases of ihe Joints 

Rheumatoid Arthritis. — Ilvdrothcrupcutic efforts arc directed toward 
the mitigation, of pain, the promotion of mobility, and the improvement 
of circulation. Five-minute applications of tin* hot air hath (1(15’ I<V 
175° F.) followed by rapid ablutions of water of an initial temperature 
of D5° F., and reduced one degree each day until 00 F. is reached, 
often yield valuable results. The circular douche at a temperature above 
85° F. is a useful auxiliary measure. Additional means are tin* circular 
compresses and the Scotch douche. 

Arthritis Deformans. — Hot water baths are contraindicated except in 
the earliest stage* of the disease. Hot air haths, hot sand haths, and electric, 
light haths exert most potent, effect, in cheeking its progress. It is pos- 
sible by these means 1o reduce the amount, of inflammatory fluid in and 
around flu* joints, and to increase the range* of movement of flu* articula- 
tion, if extensive^ hyperplasia of the joints he not present. The circular 
jet and Scotch douche applied for a length of time, depending upon the 
individual case, should follow these applications of heat. 
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Gonorrheal Arthritis. — In the acute stage the moist heat of hot "baths 
and hot douches at a temperature of 100° to 105° E., is indicated. 
Hot dry packs for one hour should follow these measures. Local appli- 
cations of hot compresses will often ameliorate the pain in very severe 
cases, in which there should he no massage of the affected parts. In 
chronic gonorrheal arthritis douches are extremely potent measures. They 
are best applied after a hot air cabinet hath of from five to fifteen min- 
utes’ duration. The jet douche at twenty pounds pressure is usually em- 
ployed as a test measure, and if it is well tolerated it is continued with 
gradually increased pressure up to thirty pounds. In the more chronic 
eases full pressure cold douche, and moderate manipulations are the 
measures of choice. A careful watch must he kept for the usual cardiac 
accompaniments of an acute arthritis. 

Acute Articular Rheumatism. — In those who possess the so-called 
rheumatic tendencies prophylactic bvdrotherapeutic measures may avert 
the development of the disease. Moderately cold salt water haths at 85° 
to 90° E., with subsequent marked rubbing for ten to fifteen minutes, 
often rectify the rheumatic predisposition. In the treatment of the ac- 
tual disease, if the pulse exceeds 90 and great tenderness be present, 
baths in the tub are contraindicated. With a pulse at eighty, tub baths 
of an initial temperature of 98° E. may be used. If endocarditis or peri- 
carditis be present, the temperature should not exceed 98° E. at any time. 
The cold preeordial coil applied for thirty minutes to one hour, two or 
three times a day strengthens the heart and may prevent the occurrence 
of cardiac complications. The temperature may be reduced and elimina- 
tion increased by the repeated use of the wet pack. Two or three are 
given, and the last is maintained in place until diaphoresis occurs. Then 
a bath at 95° to 100° E. of five minutes’ duration is given. In absence 
of much pain the pyrexia may be lowered further by a cold rub after 
the concluding wet pack is removed. An increase in fever and pain 
warrants a repetition of the complete procedure. Milder cases may be 
treated by sponge baths at 104° to 110° E., three minutes, with succeed- 
ing friction in cold water at 60° and 70° E. If hyperpyrexia (105° to 
106° E.) be present, the following routine will yield excellent results: 
The patient is placed in a bath at a temperature of 85° to 95° E., 
which is then slowly reduced to 60° E. The duration of the bath is 
from fifteen to thirty minutes, being concluded when the fever drops 
to 101° F. If the temperature descend even to 98.5° E., after with- 
drawal from the bath, in the absence of other signs, no alarm need be 
felt. 

Local magnesium sulphate compresses at 140° to 160° E. if changed 
constantly may exert a marked amelioration after the procedure has been 
in force twenty minutes. Water at 70° E. is applied with rubbing, after 
which rest in bed is required for at least an hour. Even during con- 
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valeseenee ji cold rul> should In* given upon awakening in order to lesson 
tlie danger oi’ relapse. 


fnlthvicalionti and Toxemias 

Alcoholism. — -Amir Alcoholism . — The relief of this eondition obtained 
l> ( y flit* use of th<* Turkish hath is a matter of lav knowh dge. A prolonged 
warm hath at 100 -102° K., with subsequent inactivity, preferably in 
bed, may he substituted for the Turkish hath. 

f 1 /ironic Alcoholism - -Saline infusion may lit* given for nervous man- 
ifestations, sueh as excitement, insomnia, anti neuritis. They often yield 
to prolonged wet parks. Many eases respond host to hut tub baths, lasting 
five to twenty minutes, at. 102 -101 ’ K., with subsequent hoi pack for ten 
to twenty minutes. Iu abstain* of vaseular disease cold sponging may bo 
employed. 

Chronic Arsenic Poisoning. — Kliminution of the offending agent is 
tlm hydro therapeutic, aim. Steam cabinet luitlis lasting ten to tifleen 
minutes, and tin* hot air cabinet, for the same length of time, followed 
by Scotch and jot douches or a fold rain bath, are eilieient in this respect. 
Wet packs often exert an analgesic effect upon (lit* intense pain someiiims 
present in # arsenical intoxication. 

Chronic Mercurialism.- The use of the hot tub hath at 10 1 K. for 
ton to thirty minutes with the succeeding use of hot dry blanket packs 
for twenty minutes is advocated. An alcohol rub is usually given when 
the pack is discontinued. 

Chronic Morphinism. — The treatment of this liahit. is similar to that 
outlined for chronic alcoholism. General invigorating procedures arc 
valuable. 

Chronic Plumbism. — Kliminution hv all channels should he* increased. 
The means at our disposal to accomplish this is the steam cabinet for tif- 
teeu to twenty minutes or the hot air cabinet bath. Douches, as tin* 
circular or fau, should follow these diaphoretic measure*. Gtdio may be 
relieved and elimination from tin* intestine aided, by onteroely*»s. Three 
to live liters of warm water may he used, and, if expulsion ensiles, may 
he repeated in one-half hour. The* hot abdominal eoij has also proved 
of service in controlling colic. Paralytic conditions are treated by Scotch 
douches and cold fau douches. 

Chronic Nicotinism. — Here tin* treatment may he conducted as in 
chronic alcoholism. 

Thermic Fever. — -Treatment should be instituted without delay. Gold 
measure's, combined with friction, are indicated, hut some relief can be 
accomplished by simply hurling cold water against, the body. lee cold 
sprays and allusions, cold sheet rubs with vigorous friction, ice cold enemas, 
and ice rubs are the measures usually adopted. The ice pack is pernicious. 
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Irrespective of the form of treatment used, the patient should he com- 
pletely disrobed and frequently renewed ice pads should be placed to the 
neck and an ice cap adjusted to the head. 

When the temperature is high, 106°-110° E., a cold sheet bath ac- 
companied by strong rubbing should be continued until the temperature 
roaches 102°-10o° E. During the bath the patient should have cold water 
Ihrown over him, and after the bath should be placed in bed with the ice 
cap in position. Enemas gradually reduced from 90°-45° E. should be 
given in amounts from four to five pints. These may be given until the 
axillary temperature falls to 102° E. 

The O’Dwyer treatment with affusions had the best results in the New 
York epidemic in 1896. The mortality with this form of management 
was only six per cent., while with all other forms it ranged from eleven 
to thirty-three per cent. This treatment is as follows : After the patient 
has been covered by a sheet and placed on a stretcher, an attendant stand- 
ing a few feet away from the patient hurls cold water from a dipper on 
him until the temperature taken per rectum is 103° E. As the body 
cools vigorous friction is given. 

The cold sponge bath is of value. The flower-pot ice water spray may 
be used. 


BALNEOLOGY 

Intuoutt gtion 

Balneology is concerned with the treatment of disease by mineral 
waters. A mineral water is a water from a natural source, which con- 
tains mineral substances in solution. Since no natural water is absolute- 
ly free from minerals, all waters found in nature may be classed as min- 
eral waters. There is, therefore, no sharp distinction between balneology 
and hydrotherapy. Hydrotherapy deals mainly with the external appli- 
cation of common water; balneology with the external and internal ap- 
plication of waters from special sources. 

The therapeutic actions inherent in special waters not by virtue of 
the aqueous nature alone, but by virtue of the potency of the dissolved 
constituents, are utilized in balneology. At some springs only drinking 
is employed; at others mainly bathing; but at most both bathing and 
drinking are practiced. Yicliy waters have specific curative properties 
in diabetes and glycosuria; earthy waters cure gravel and stone; Creuz- 
nach is especially efficacious in uterine complaints; Aix-la-Chapelle in 
syphilis. Chemists have elaborately analyzed these waters to detect the 
elusive property in which the remedial power resides. Weary columns 
of statistics reveal even the most minute traces of organic or inorganic, 
solid or gaseous matter which the water contains, but cast no light upon 
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flit* mode 1 of action of the waters. Springs which contain tin* most diverse 
mineral substances in the proportions which are nunj dissimilar enjoy 
apparently an equal potency in the* treatment of the same disease. Dif- 
ferent persons with the same disease may not hi* curable at the same 
spring. Artificially prepared waters of apparently identical composition 
are admittedly less eilieaeions, and even questionably useful. 

To wind, then, does the natural source owe iN value? Recently radio- 
activity lias been demonstrated in the waters of many springs. Doubt 
Ic ss such radioactivity is powerful to "benelit ; but tiu* patient must first 
be thoroughly educated to its significance and then lie convinced of its 
presence. To t lie* less credulous the waters have properties more tan- 
gible and commonplace. If analysis shows a special source to he well 
aerated and to contain sodium, calcium, or other base combined with 
hydrochloric, sulphuric, or other acid, flu* merit of the water is that in- 
herent in water tin* world over, plus that due to its gaseous, metallic, 
or metalloid constituents. The* value of such constituents is their es- 
sential value. It is no mysterious virtue. Iron or arsenic exerts the 
same pharmacological effect, whether it he administered as a natural 
solution or as a pharmaceutical preparation. The action of alkaline or 
of sulphuretted waters does not vary when it is sought in an Arcadian 
spa and when it. is invoked in a crowded town. The worth of balneo- 
logical treatment lies not. in the water and its contents, 'flic se have a 
certain importance, but the prime factors in the cure are the psychic, 
influences which accompany it; the absence of work and worry; the 
change of climate and environment, whirh invest it with healthy inter- 
est ; the regulation of sleep and diet and exercise which reinforce it ; and 
tlio medical skill which controls all. 

In spas, to (»very mental stimulus of a non-religious ualure which 
tends to health, appeal is made. The physician who recommends the 
treatment begins the therapeutic suggestion by his declaration of faith 
in the spa and his panegyric on the evidences of its curative powers. A 
belief in the eflicacv of the spa is accepted by natives as part of their 
national inheritance, one of the virtues of their fatherland; hy foreign- 
ers, as conferring upon them at. once a certain exclusive cosmopolitanism. 
Tin* pinnacle of faith is reached by the spa doctor who secs in the waters 
a cure* for everything, from fibroid lumors to supernumerary digits. At 
the spa itself everybody assembles for one purpose-* -to strive for health. 
The social instinct, among the similarly sick, the atmosphere of salutary 
competition among convalescents, the regular restful hygienic mode of 
life pursued, and the climatic conditions enjoyed, exercise a cumulative 
curative action on the overstrained, the depressed, and the weary. Diete- 
tic and hygienic regulations are more or less Mringcutlv enforced. The 
regime in itself is curative for the majority of the slightly ailing who 
ilock to these resorts. The routine flushing of the system with innocuous 
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fluids eliminates the lingering toxins of years. In nearly all spas the 
medical skill at the disposal of the visitors is excellent — skill in handling 
the particular maladies which are specially catered for at the spa; and, 
particularly, skill in alleviating slight conditions superimposed upon the 
main disease, conditions which can he remedied ky attention to therapeu- 
tic detail. The health resort physician takes cognizance of every mental 
and physical aspect of his patients. His psychotherapeutic skill is, as a 
rule, far superior to that of his colleague in general practice. Aided by 
the atmosphere which pervades such places, an atmosphere similar to 
that which Bernheim helped to create at Nancy, and supported by mu- 
nicipal and institutional authority, the doctor of the spa is in the posi- 
tion of a health-giver whose word is law. His rule is salutary. His 
prescriptions are edicts of health which all must obey. No private physi- 
cian could impose such a regime, could practice such beneficent tyranny, 
as is welcomed at spas. Spas are little more than institutions where 
hygiene, hydrotherapy, and faith healing are practiced, and often the 
greatest of these is faith healing. 

Composition of Mineral, Waters 

The mineral waters contain either saline or gaseous constituents, or 
both. They are used internally and externally. Externally they are 
used as baths partly on account of the stimulating action of their con- 
tained salts and gases, and partly on account of the elevated temperature 
which they often have. 

The mineral constituents of spa waters are derived from the perco- 
lation of rain water through the soil and through various strata of the 
earth’s surface. On analysis of them, sodium, potassium, magnesium, 
calcium, iron, manganese, lithium, and arsenic are the usual bases en- 
countered; they are combined with hydrochloric, sulphuric, carbonic, 
hydrobromie, and hydriodic acids. Silica is often present. Sometimes 
the metals occur as sulphids. Oxygen, carbon dioxid, nitrogen, sulphur- 
etted hydrogen, and other gases may he present in solution. These gases 
may be present under considerable pressure. Often the gaseous tension 
is such that the water is bright and sparkling, and on exposure to atmos- 
pheric pressure effervesces. 


Temperature 

The temperature of the waters varies greatly. Waters which issue 
hot, derive their heat from that which exists at great depths in the earth. 
Indeed, it has been alleged that the hotter the spring the deeper is its 
source. At Virginia Hot Springs the temperature of the water ranges 
from 110° E. to 78° E. ; at Arkansas Hot Springs, from 93° E. to 
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150" F. ; a(. Salt Luka Hut (Sulphur) Spring ( Flub), from 110° F. t«> 
128° F. ; at Ai\-la-( ’Impede (Germany) it is H57‘ F. ; at ( -arlsbad, 
; and at Hath ( England), 1l*0’ F. 

CLASSIFICATION 

The amounts of tho various constituents vary greatly in different 
sources. According to tlu* essential constituents of the water, sources am 
classified as indifferent, alkaline, saline, chalybeate, sulphurous, etc. 
3d anv waters do not belong to any one group. Thus, saline sulphur 
springs arc common; others could rightfully be classed in any of several 
categories. Hence, this mode of classification does not distinctly differ- 
entiate, but merely groups somewhat similar wafers conveuicnlly together. 
The following art* some of the most important sources: 


Simple Thvrmnl Wn/rrs 

Simple Thermal Waters include waters of high temperature and 
small mineral content. 

America. — Virginia Hot Springs; Herhley Warm Springs; Warm and 
3 lot Springs, Huucumhc Co., North Carolina. 

Great Britain.- Hath; Buxton; Matlock. 

Prance.— Bagtieres do Bigorro ; Xeris; Hagmdcs dc rOrnc; Plom- 
bieros; Dax; St. Amaml. 

Germany and Austria. — Bademveiler; Tcplif/., Ilohemia; (lastein, 
Salzburg, Austria; Wildlmd, Wurtemberg; Scltlangeuhad (near Wies- 
baden). 

Italy. — Battaglia; Burmin; Fozzmdi. 

Switzerland. Loeel to- les- Bains; Ragaiz. 

Thc>c waters arc usually “soft": they art* not frequently used inter- 
nally, but are employed almost solely as baths. 

('ohwhui tfiilf Wttirra 

As common salt is of almost imariable occurrence in natural wafers, 
this class has indefinite mid arlutrarv limits. In the wafers comprised 
here common salt is tin* esxnitial constituent. 

America.-- -Fruit Fort, Mitdiigan; Grand Haven, Michigan; Mount 
Clemens Mineral Springs; Spring Lake Well; Salt Spring, Virginia; 
Ocean Spring, Alabama. 

Great Britain. — Drnitwirh ( brine, .‘100 parts per 1,000), Worcester- 
shire; Nantwich (brine); Woodhall Spa (ehloro-hromo-iodid), Lincoln- 
shire. 

Prance. — Bourhonno-los-Hums (hot); Salies do Bearn; Olmtolguynn 
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(warm, gaseous); Salins du Jura; La Mouilliere (chloro-bromo-iodid) ; 
Salins Moutiers (warm). 

Germany and Austria. — Baden Baden (weak, 2 parts per 1,000) ; 
Nauheim (warm, gaseous); Iiesse (near Frankf ort-on-Main ) ; Berchtes- 
gaden, upper Bavaria; Oeynhausen, Westphalia; Homburg (cold; con- 
tain also bicarbonate of iron) (near Eranlcf ort-on-Main) ; Iscbl, Salz- 
kammergut, Austria; Reichenhall, Bavaria; Kissingen, Bavaria; Soden 
(near Frankf ort-on-Main) ; Kreuznach, Rhine Province; Wiesbaden 
(hot). 

Switzerland. — Bex ; Wildegg. 

Allcaline Waters 

Waters containing sodium bicarbonate. Three subgroups : 1, Simple 

alkaline waters; 2, alkaline and common salt waters; 3, alkaline and 
sodium sulphate waters. 

America. — Capon Springs, Virginia; Glenwood Springs, Colorado; 
Glen Summit Springs, Pennsylvania; Geyser Spa, California; Gettys- 
burg Springs, Pennsylvania; Manitou Soda Spring, Colorado; Minnequa 
Springs, Pennsylvania. 

France. — Vais, 1;* Vichy, 1; Allier; Royat, 2. 

Germany and Austria. — Bilin, 1 ; Faeliingen, 1 ; Carlsbad, 3, Bo- 
hemia ; Ncuenalir, 1, Coblentz ; Franzensbad, 3, Bohemia ; Ems, 2, Hesse 
Nassau; Marienbad, 3, Bohemia. 

Switzerland. — Tar asp, 3. 


Bitter Waters 

These contain chiefly magnesium sulphate: 

Great Britain. — Cheltenham (chlorids also) ; Leamington (cblorids 
also). 

France. — Brides. 

Germany and Austria. — Apenta; Friedrichsball ; Pullna. 

Spain. — Rubinat. 


Chalybeate or Iron Waters 

These waters contain iron in medicinal quantities: 

America. — Rawley Springs; Rock Iron Springs; Church Hill Alum 
Springs, and others, Virginia; Sharon Springs, New York; Pacific Con- 
gress Springs, California. 

England. — Tunbridge Wells. 

France. — Forges-les-Eaux ; Orezza. 

* The figures refer to the subgroup. 
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Belgium. — Spa. 

Germany and Austria. — Booklet ; Pvrmont, Wuldoek; Bruekenau; 
Rippoldsau ; Elstor, Saxony ; Sehwalhuch ; Potorsthal. 

Italy. — Santa Catarina. 

Switzerland. — St. Moritz. 

Calcareous Group 

These waters contain salts of alkaline earths, calcium and magnesium 
sulphate, and carbonate: 

America. — Cherry Valley, New York; Ilolston, Virginia; Chittcnan- 
go, New York; Waukesha, Wisconsin; Clifton Springs, New York; Talc* 
Epsom, Tennessee 1 ; Bedford, Pennsylvania; Alum Rock, (California; 
Catoosa, Georgia, oten 
England. — -Hath. 

Prance. — Bagneres do Digorre; Contrexeville ; Vittel. 

Germany and Austria.— Inselshad; Lippspring; Wildingen. 
Switzerland. — Loeehe-les- Rains ; Weissenberg. 


Sulphur 'Waters 

These waters contain snlphids. 'Many of them also contain eldorids. 
Some of them are warm : 

America.- — Calistoga Springs, California; Santa Barbara Springs, 
California; Glenwood Springs, Colorado; Hot, Sulphur Springs, Colo- 
rado; also in Vtgji and Arkansas. 

British Isles. — -I lallynahinch (Co. Down, Ireland ) ; Harrogate, Eng- 
land (13 pt*i* *1 ,<)(>< ) NaCl) ; Llandrindod Wells, Wales; MoiTat, Scotland; 
St ratlipeffer, Scotland . 

France. — Aix-los-Bains (warm); Louehon; Allcvard; Piorrefonds; 
Ainelie-les- Bains (hot); St. Ilonorr-les- Bains ; Barege; Si. Sauveur; 
Canterets (warm); Uriage; Euux Bonnes (warm). 

Germany and Austria.- — Aix-la-Chapelle; Baden; Weilbaeh, Nassau. 
Switzerland. — Baden; Ileustrieh; Schinznach ; Gurnigel; Lenk. 
Egypt. — Ilelouan. 


A rseni ca l Waters 

Those waters contain ursenites or arson ales. 

America. — Crockett Arsenic Lithia Springs (Virginia) ; Thompson’s 
Bromine Arsenic, North Carolina; Harbin lint Sulphur Springs, Cali- 
fornia.* 

Prance. — La Bourboule; Boussang; Vais. 



BALNEOLOGY 


235 


Germany and Austria. — Cudowa ; Roncegno; Linda Pausa; Levico, 
South. Tyrol. 

Italy. — Civilina ; Ceresole Reale. 

Tub Action of Mineral Waters 

The effect of the ingestion of the large quantities of water which 
forms part of the routine treatment at Mineral Springs is to flush out the 
stomach, intestine, kidneys, and other organs. The water, by its bulk, 
stimulates peristalsis and voids in solution or suspension, the putrescent 
material from the bowels. Some of the water is absorbed. The bulk of 
the circulating fluid is increased ; the greater volume affords endocardial 
stimulation and the circulatory efficiency may be enhanced. The resulting 
increased blood pressure promotes diuresis. The vital processes are all 
quickened ; tissue change increases ; mucous membranes secrete more 
freely ; and the skin glands function more actively. To dilute toxins ; to 
dissolve them; and to promote their excretion, are the main actions of 
water. 

But a feeble atonic stomach musculature may not lightly tolerate the 
ingestion of large volumes of water ; embarrassed hearts may perceptibly 
fail under the added burden which must be propelled; and overworked 
diseased kidneys may quickly be exhausted by the laborious functional ac- 
tivity thus demanded. 

Action of Salines. — The dialytic and irritant properties of salines in- 
hibit absorption of liquids, augment peristalsis, and increase the fluid 
contents of the intestines, so as to produce more or less free purgation. 
The presence of increase of salts in the blood causes a livelier interchange 
between the circulating blood and the fluid in the tissue spaces; diuresis 
ensues ; a mild expectorant action is produced ; and metabolism generally is 
increased. 

Salines are said to increase the solubility and diffusibility of albumins. 
In food a considerable amount of salt is customarily ingested. How far 
the added quantities of salines, which are absorbed during mineral water 
cures, exert an influence on metabolism, is doubtful. The action of the 
salines varies somewhat according as the base and the acid radical which 
they contain. The action of the metallic element need not further be dis- 
cussed here. The rate of diffusion of chlorids, sulphates, and iodids de- 
termines whether they are essentially purgative or diuretic. • Radicals of 
large molecular weight, such as sulphates, with difficulty diffuse and, 
therefore, tend to act mainly as cathartics. Whereas, with radicals of 
small molecular weight, such as chlorids, an interchange takes place read- 
ily between the bowel contents and the portal circulation, so that a con- 
siderable proportion of the salt may be ingested. Eurther details as re- 
gards the mechanism of the action of salines belong more properly to the 



2.‘id HYDROTHERAPY AND BALNEOLOGY 

realm of pharmacology. Salt and bitter springs are n-c<l in const i pillion, 
portal stagnation, chronic gastroenteritis, chronic respiratory, pelvic, and 
rlicumat ie conditions. 

Alkalies. — The alkaline waters increase the alkalinity of the blood 
plasma, promote tissue changes, increase metabolism, ami tend also to 
increase the alkalinity of the urine. As alkalinity promotes the action of 
the saliva, bile, pancreatic, and intestinal juices, alkalies enhance diges- 
tion. Alkalies arc alleged to facilitate respiration (Yoit) not only in the 
tissues, hut also in the lungs, by acting as carbonic acid carriers. The 
alkaline waters arc used in acid dyspepsia, constipation, gall stones, gravel, 
gout, glycosuria, and obesity. 

Iron, Arsenical, Sulphid, and Earthy Waters.- Waters containing iron 
and arsenic in sutlicient. amounts tube of therapeutic value exert merely 
the ordinary pharmacological action of these substance*. "Piny are used 
mainly in anemias, neuralgias, and skin diseases. Tin* net ion of the sul- 
phid waters is not evident. They sire said to stimulate secretion of bile 
and to have an expectorant action. Their use in s\philis is greatly lauded, 
bill where il is most exalted, mercury is also given as a substantial prop 
to its curative powers. Kulphids in sullieient quantity are protoplasmic 
poisons. To class the sulphid mineral water a* an alterative is to admit 
ignorance of the basis of its action. The earthy waters, those containing 
the sulphates and carbonates of calcium chictlv, have probably little action 
apart from that of the water. They are given as antacids, as asl ringtails, 
and sedatives, in acid dyspepsia and in diarrhea. Their benign (lushing 
power is used in hepatic and gouty conditions, and ill chronic cystitis, 
gravel and stone. 

Resultant Action of Mineral Waters.- How waters have only one con- 
tent. As the waters were classed according to their predominant constitu- 
ent, so is their action regarded as being that mainly of this essential con- 
stituent ; hut the predominant constituent of any mineral water is not, that 
which occurs in greatest quantity, but that which is um*t active medic- 
inally. Some waters containing small quantities of arsenic exert mure 
action by virtue of their arsenic than they do by virtue of all their other 
constituents. "We therefore have to deal with compound actions, some of 
which are negligible, and some of which art* important. Of the important 
actions some reinforce and some tend to neutralize those of the other con- 
stituents. The precise effect therefore of any given mineral water is the 
resultant of so many actions that il is difficult to presage, and we must 
more or less empirically base our expectations of its value upon observa- 
tions of physicians and patients. 

Tn addition to these mineral factors the presence of carbonic acid gas 
also modifies the action of the waters. The carbonic acid is supposed to 
be at once stimulating and sedative. It certainly renders waters more 
pleasing to regard and more palatable to take. 
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Many mineral sources yield waters at higli temperatures and the tem- 
perature effect also modifies the therapeutic action. 


Indications fob,, and Choice of, a Spa 

In considering the indications for these waters we must not too strictly 
view their pharmacological characters. Many springs of totally different 
composition cure the same diseases, and springs of analogous composition 
are lauded for efficacy in dissimilar maladies. There is, in addition to the 
actual effect of the waters, the result of the change of climate, of the im- 
proved hygienic conditions, of the absence from mental stress, and of the 
completely novel environment. In many cases change of air alone will 
prove efficacious. The treatment consists mainly of change, not of better- 
ment of climate. This is especially evident in anemia. An anemic coun- 
try girl visits a town and is benefited thereby ; an anemic town girl returns 
rosy from the country. Whether the town girl goes to the sea, or the 
moors, or the mountains, the change has the same beneficent effect. Hence, 
in dealing with blood conditions, balneological treatment is usually un- 
necessary. A happy result may be obtained merely by change of scene 
and air. Now, all these factors, the complex pharmacological actions of the 
waters, the spa psychotherapy, the change of climate, the regulation of the 
mode of life, are common to most spas and tend to deprive any one resort 
of valid claim to essential properties not possessed by any other. The 
choice of a spa for any given case is thus rendered a matter largely of ex- 
periment. It ought to be regarded as an experiment, so that if, after ade- 
quate time, the patient does not satisfactorily improve, another spa may 
be tried. Instead, now, of entering into an analysis of the virtues of the 
different spas for different diseases, or of the indications which would 
induce a physician to determine between several similar spas in any given 
case, we shall briefly deal with a few of the more important diseases and 
mention merely the general factors which influence one’s choice of a spa 
for the treatment of these diseases. 

Eirst, the desirability of balneological treatment and the patient’s abil- 
ity to bear the cost, the journey, the change, and the treatment must be 
determined. Unless balneology promises markedly better results than 
would accrue from pharmaceutical treatment; and unless the patient’s 
pecuniary and physical state warrant the recommendation, then the sug- 
gestion of a spa should not be made. Once having determined that a spa 
is desirable the physician considers accessibility of the spa, its climate as 
regards temperature, wind, and moisture, its elevation above the sea level, 
the accommodation which it provides, the nature of the waters, the bath- 
ing, massaging, and exercising facilities, and above all the quality of the 
medical skill available. These considerations determine his choice. In 
weakly patients a preliminary course of treatment may be necessary at 
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home before any journey i.-, attempted. Thus, in severe heart. eases, a 
modified Nauheim treatment may first he instituted hy the* private phy- 
sician; then a home spa may he utilized in order to strengthen the patient 
for the long, rough journey, or the stormy sea voyage, or t he* rigors of the 
new climate, and then the possibly more desirable and efheaeious foreign 
spa is attempted. 

Climate of Spa. —As regards ihe elimate, raw, damp, eold regions 
would naturally he emit raiudieated in nettle pulmonary conditions or in 
convalescence from pneumonia. High altitudes, while dry and rare and 
ealm, afford greater variations of temperature and are not desirable for 
the sleepless and mentally distressed, nor should they he visited hy severe 
heart eases, arterioseleroties, apoplectics, and those with a tendency to 
hemoptysis. Then, convalescents from acute diseases, also, had better not 
he sent, to mountainous health resorts. For all these the sea level is bettor, 
for Ihe sea elimate is more equable. 

The Spa Itself. — The chemical composition of the water is not a mat- 
ter of great, moment. More important are the bathing facilities, the pro- 
vision for physicotlierapy, and the housing arrangements. I ’utcas good 
food and good accommodation an* injured the spa should ho avoided. 
For tin* slightly ill the social life of the spa is an important therapeutic 
factor. Hut. the most essential point of all in the choice of a spa is a 
knowledge of the medical skill available. A spa, when* a local physician 
is personally known to the physician who semis the east* should, if possible, 
bo selected. Just as a physician would not readily recommend Ids patient 
In a surgeon for whom ho could not personally vouch, so should he he 
chary of committing his case to the care of an unknown health-resort 
physician. Arrangements for the patient, should he made before the jour- 
ney is commenced, so that when the invalid arrives a( the spa all unneces- 
sary discomfort, and delay may he avoided. With the patient a full account 
of his malady and its treatment, ■ Itould he scut. Much must he left to the 
discretion of the local physician at tin* health resort, hut the family 
physician should know whatever is proposed fur flu* treatment of the 
patient lie Bends, why it is proposed, and what if promise*. Home spas 
should always he recommended whenever possible. The season at. most 
spas is from May 1st. till September 30, Many, however, especially those 
with thermal springs, are wilder resorts also. 

Tah d y ( Ion v al kho kncjb 

A patient convalescing is in a state of physical and mental instability 
and lias so little reserve strength that fatiguing journeys must he avoided. 
All spas which practice heroic methods are emphatically contraindicated. 
No “Hushing” treatment to exhaust, the heart and to fatigue the kidneys 
should he* considered. A change of air alone may he all that is necessary. 
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If a spa be selected it should be one in which the treatment is gentle and 
not fatiguing — a mild, near, warm, sheltered spa, at a low altitude. If 
the patient is markedly anemic a spa with iron waters or with iron and 
salt waters should be chosen. In convalescence from special diseases some 
spas are said to be particularly efficacious. ILreutznach, Woodhall, and 
Kissingen are lauded in convalescence from inflammatory pelvic condi- 
tions. In these spas remains of inflammatory exn dates, chronic endo- 
metritis, perimetritis, and salpingitis are said to disappear; even fibroids 
are alleged to melt under the solvent action of these waters. After rheu- 
matic fever, when the joints remain painful, and the heart dilated, Nau- 
heim or Rheme may be advocated. Eor the neuralgia, which so often fol- 
lows influenza, malaria, and other affections, Schlangenbad is highly rec- 
ommended. 


Special Balneology 
Diseases of the Blood 

Anemia. — It is essential, first, to consider whether the patient be suf- 
fering from primary or secondary anemia. In the primary anemia of 
adolescents constipation is so often a causative factor that good results are 
frequently obtained by the use of the mild aperient waters of any of the 
saline or thermal springs. Such waters alone may effect a cure. But be- 
fore, during, and after the spa treatment pharmaceutical preparations of 
iron may be exhibited. If a mixed salt and iron spring be available the 
treatment may be begun there and then finished at another spring con- 
taining more iron. Often climatic change alone suffices to effect a cure, and 
no change is more generally useful than that which is obtainable by a sea 
voyage. In the anemia which follows repeated losses of blood from hemor- 
rhoids, the mildly purgative springs, which tend to reduce portal conges- 
tion, are indicated. In the anemia due to chronic renal conditions, great 
care is necessary: the diseased kidneys are already overstrained; the de- 
mand made upon them by the ingestion of a great volume of fluid may 
complete their undoing. In the anemia of incipient tuberculosis, espe- 
cially that complicated by hemoptysis, a warm, sheltered, .low altitude spa 
is desirable. In the anemia of syphilis, sulphur springs, such as Aix-la- 
Ohapelle, are recommended. In all anemias it is essential, first, to recog- 
nize the underlying cause and then to choose the spa suited to the treat- 
ment of the primary disease. 

Diseases of the Respiratory Organs 

The main respiratory diseases seeking balneological treatment are 
chronic bronchitis and emphysema, asthma, and tuberculosis. Persistent 
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traces of exudate after pneumonia are also often subjected jo spa treat- 
moil t. Tho essence of tin* treatment, so far as iho rospiraiory trad. is con- 
cerned, is 1o im prove* tlu* climatic conditions. Bronchitis and emphysema 
arise* from many causes — respiratory, renal, cardiac, vascular, etc. The 
cardiac and vascular, and perhaps flu* renal ease, may lie benefited hv ap- 
propriate waters. The slight expectorant action of tlu* alkaline ami saline 
waters may also directly help flic relief of the morbid process in flu* lungs. 
For the tuberculous patients rest, feeding, sun and light, and fresh-air 
baths are. necessary. 


Cardiac Diseases 

"Willi cardiac, cases careful consideration is imperative before a visit, 
to a spa be attempted. In seven* valvular conditions the patient is better 
at. home. Long journeys and bulky water treatment are more liable to kill 
than to cure. If spa treatment he contemplated in such eases a prelimi- 
nary course of Nauheim baths ( see Chronic Myocardial In-mllieiency ) 
should he given at. home. The heart, muscle should also be strengthened by 
cardiac Ionics such as strophanthus or digitalis. Kven when tlu* valvular 
disease or tin* myocardial change 1 be not severe the journey should not; ho 
rashly undertaken, and it is desirable to travel by short stages. 

A beginning should he made with rest after the journey. Then Nau- 
heim baths of short duration and about body temperature should lu* given. 
Gradually tlu* baths may he cooled and lengthened. Then tlu* carbonic 
acid gas may he added to them. Finally, the Schott exercises may hi* at- 
tempted. Later, the Oertl treatment, regulated walking, and the ('limb- 
ing of slopes, may he practiced when the heart has been strengthened 
enough to allow of its use. 

The hearts most benefited by spa treatment are the weak, fat, flabby 
hearts of overbid ulgence in everything except, exercise. [The special 
indication for Nauheim treatment is chronic myocardial insufficiency of 
the first and second degree, it should never he employed in the third stage. 
(See Olironic Yvoeardial Insulficioncy.l — Kiutok. [ The dietetic and 
hygienic regime and the graduated work often act as a charm in such 
cases. If the* heart, is weak, graduated exercises are very cautiously in- 
itiated. Passive movement, alone is first attempted; next, active move- 
ments; then resistance movements; and, finally, the Oertl exercises. In 
the dilated fatty heart, of anemia the cause of the anemia should 1 ' the 
chief object of treatment. The guiding principle should he ik to hasten 
slowly.” Excessive work may damage a dilated heart, so as to require 
months of treatment to remedy the indiscretion. Very little good comes 
from the ingestion of water: and positive harm may accrue if the water 
ho aerated. 
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Renal and Bladder Diseases 

Since the work of Yon Noorden and his school the popularity of bal- 
neological treatment in kidney diseases has rapidly waned. It is now 
generally admitted that to fatigue the kidneys by imposing upon their 
already feeble energies the labor of excreting large quantities of fluid, 
is of very doubtful therapeutic wisdom. 

The cause of gravel lies in dietetic errors. No treatment should 
be ’ instituted before the precise chemical composition of the urinary 
deposit is determined. Then rational dietetic measures are the best 
means to combat the tendency. To render the urine alkaline by 
ingestion of alkaline waters in bulk, is to precipitate the urinary 
phosphates and to add a pliosphatic layer to the calcareous nucleus 
already present. The flushing of the urinary system with waters con- 
taining small amounts of calcium carbonate and phosphate — the so-called 
earthy waters — is in itself harmless and of little efficacy. Equally good 
results could be obtained by drinking quantities of warm water on an 
empty stomach at home. As the cause of calculus formation is usually dis- 
ease of the bladder wall, local medicinal treatment of proven value must 
not be neglected for the more ornamental but less useful bath treatment. 

Rheumatism 

No one would think of moving a case of acute rheumatism to any Spa, 
however praiseworthy. In the prolonged convalescence which follows 
sometimes, in cases which persistently relapse slightly, which continue 
to have tender, painful joints, which show slight valvular or myocardial 
changes, or which are pronouncedly anemic, a change to a spa often works 
wonders. When joint changes are the main impediment to health, when 
thickening and effusion persist, a spa should be chosen with alkaline or 
sulphurated saline waters, a hot spa, a spa in Ttfhich Zander exercises, mas- 
sage, and good bathing facilities are obtainable, so that absorption of the 
morbid products may be hastened. When cardiac trouble is the residue 
then Nauheim or some other spa, where cardiac troubles are specially 
treated, should be selected. The anemic cases should be sent to an iron 
saline spring. The climate of the spa selected should be equable, warm, 
and dry. Most of the good results of spa treatment in rheumatism can 
with care and skill be obtained from physicotherapeutics at home. 

Alimentary Disorders 

It is among the indiscreet of habit, the people who work too much and 
eat too little, and those who eat too much and work too little, that the 
benefits of spa treatment are most pronounced. In the dyspeptic, the 
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gouty, the "livery,” the spas find their most grateful patients. The 
myriad of minor ailments of alimentary origin, and of importance in 
direet. proportion to tin* nenrotie and to tin* iinaneial disposition of the 
patient, \iehl to tin* dietetie regulation of the spa. The purgative waters 
(dear the ehannels of life from accumulations of ages. (’oust i pat ion is 
not permitted; the portal circulation is stimulated to activity; hepatic 
congestion disappears, and pile* and pelvic disorders an* mitigated or ban- 
ished. The gouty concretions are dissolved; the system is Hushed chain; 
contributory dietetic errors are rectified; and the high specific gravity of 
the unite-loaded urine is lowered. 

Much work requires yet to he done before we can have a satisfactory 
rational basis for the treatment of the lesser ailments. Experience and 
experiment guide us to send patients with atonic dyspepsia to sources with 
hypertonic waters; to send acid dyspeptics to the mildly alkaline saline 
springs; and to send the obese and the gouty to the sources of strong 
waters, such as Carlsbad and Maricuhnd. After treatment, with drastic 
catharsis, prolonged rest, and judicious feeding are necessary. If these 
cannot he obtained then less heroic measures should be used and springs 
such as Contrexcville employed. Or even milder measures may be tpiile 
as elHeacious, and a course at Buxton or Bath sulliee. 

After all spa treatment a rest in a bracing climate for several weeks 
is strongly to be advocated before the patient recommences tins routine of 
life. 
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CHAPTER Y 


THE PRINCIPLES OP MEDICAL CLIMATOLOGY 
Henry Sewall 

Definition and Scope of the Subject. — As pointed out by 3£. E. Ranke 
(37) and by R. DeO. Ward (44), the words Climate and Climatology 
have various significations according to the point of view from which 
their content is regarded. 

The word climate is derived from the Greek kXi^oc, which means 
an inclination or slope; it indicated the supposed slope of the earth’s 
surface from equator to the poles. The idea must thus have included 
distinctions in the length of the day, heat and cold, and distribution of 
the forms of life. In its physical aspects, climate is determined by the 
facts of meteorology, or science of the atmosphere; and this in turn is 
inseparable from physiography, which pertains to the structure of the 
earth, and the distribution of its various features. According to Hann 
(17), “By climate we mean the sum total of the meteorological phenomena 
that characterize the average condition of the atmosphere at any one 
place on the earth’s surface. That which we call weather is only one 
phase in the succession of phenomena whose complete cycle, recurring 
with greater or less uniformity, every year, constitutes the climate of 
any locality. Climate is the sum total of the weather, as usually ex- 
perienced during a longer or shorter period of time at any given season.” 

But in ordinary usage the word climate inevitably suggests a rela- 
tion between the physical conditions of earth, air, and water to be found 
in any place, and the sensations and activities of man. 

The vital relations of the physical elements of climate are well illus- 
trated in the distribution of the various forms of animal and plant life. 
Man himself, through his ability to make fire and clothing and to com- 
mand food, has been able to adapt himself to the widest extremes of 
climatic conditions. 

When a plant or an animal flourishes in a given locality, its organs 
and functions are said to be adapted to the conditions there found. To 
a great extent such forms, or their descendants, may be brought, by grad- 
ual c h ang e, to live in a totally different environment. 

18 a 
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This adaptability of living being-- t « » widely ili fVercnt external cou- 
dUiuns, through which I’nvw? which were once destructive become again 
conscrvat ive of lilo, depends upon a p/u/siolot/ieal rate/ nm * » f I In * living 
organism to tlu* inllueiices acting mi it. The physiological reaction of 
protoplasm to internal ami external agencies determines the nature, the 
distribution, and the evolution of all fornix of life. 

As we view the race* of men in their habitats, from the poles to the 
equator, it is obvious that the dilTorenecs betwieu them are more or less 
dependent upon adjustment to their various cmiroumeuls. This ad- 
justment involves not only the externals of elothing, the struggle for food, 
and the general habits of life, but strikes into social and moral relations, 
and results in anatomieul difference", at leaM of form ami eolor. What 
may be called ph i/sioloipenl eUnux/olotiij seek" to determine what, are the 
vital veaetions (‘specially evoked in variola* climates; what functions of 
the body are specifically sfimulafcd or soothed ; and whal may la* Iho 
(dfcct, on the organism as a whole, of any definite climate. Human history 
is still too brief to enable us to certify whether limitations of physiolog- 
ical adaptation rigidly restrict 1 lit* geographical distribution of a given 
race of men without fundamental change in their ethnographic characters. 
Caucasian peoples are rapidly claiming the whole earth, and it is ti mut- 
ter of urgent moment to learn the natural adaptations they must, acquire 
to best, conserve their preeminence under new conditions. 

Kntil recently the problem of physiologic adaptation to climate has 
been inextricably confused with the incidental clfccts on man of the 
climatic distribution of pathogenic microorganisms. While the while 
man has acquired a certain degree of immunity against the infections 
common to temperate zones, he is so susceptible to the disease-provoking 
organisms teeming in flic- tropics that, no fair opportunity has been al- 
lowed for li is normal development in such regions. The migrations of 
the white race have been limited by the geographical distribution of 
pathogenic protozoa, and of certain insects which serve sis their inter- 
mediate hosts. 

The extraordinary demonstration in (hiha, the Philippines, and the 
(’anal Zone, that the infections which had threatened (he lives of stran- 
gers in those regions arc* rigidly under control id* Sanitary Art, for the 
iir.st. time gives tht* immigrant opportunity hi ndju.sf himself to tropical 
conditions. Enough lias already been learned through the health reports 
from such localities tu make it. probable that morbidity and mortality 
among healthy adults, at least, are not essentially increased or accelerated 
l>v residence in tropical climates. As t’h-mow (U) says: “Many almost 
tin* majority — of the ordinary infective fevers are most prevalent in the 
cool, and not the warm, season of the year.” In temperate climates the 
transmission of the most important infections depends more or less upon 
the intimacy of contact between the sick and tin* well; and tin* applica- 
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tion of hygiene involves a regulation of sociologic relations. Reference 
will be made later to the modification of physiological functions under 
tropical conditions. 

While these views of climatology have a broad bearing on ethnogeny 
and eugenics, the human interest in the subject to-day is especially con- 
cerned with the influence of climate upon the sick man; or as an en- 
vironment antagonizing the inception of disease. As the welfare of the 
human being in his conflict with disease, whether this is infectious or 
constitutional, depends, in general, on physiological reactions which lead 
to the development of compensations, adaptations, or antidotes within 
the organism, it is obvious that the study of medical , no less than physi- 
ological, climatology has to do with vital reactions to climatic condi- 
tions. 

The first step in such a study should afford a comprehensive view of 
the physical elements of climate and the results of their combinations 
in actual climates. Then should follow an account of observations 
and experiments upon the physiological reactions of normal beings to the 
physical conditions of climate, singly and combined. Finally, considera- 
tion should be given to the natural distribution of diseases and to the 
effect of climates and climatic factors in conserving or antagonizing the 
forces of the human organism in its struggle with disease. It is obvious 
that the scope of medical climatology must automatically shrink with the 
development of specific therapeutics and preventive medicine. 


METEOROLOGICAL CLIMATOLOGY 

The Factors of Climate. — Climates owe their characters to the quan- 
titative relations of certain physical elements, the principal of which are: 

( 1 ) temperature; (2) atmospheric moisture or humidity; (3) atmospheric 
movements or winds ; (4) soil; (5) water; (6) electricity. As will short- 
ly be seen, various other relations are of salient importance. These are: 
latitude ; the geographical distribution of land and water ; ocean currents ; 
the existence of mountain chains and elevation above the sea ; insolation, 
and atmospheric composition, including impurities. 

It is obvious that the various factors of climate may have a very 
different relative importance, according as they are viewed as agents 
affecting the physical conditions of the earth, or the welfare of forms 
of life upon it. The biologic importance, for example, of direct insolation 
and of winds probably far outweighs the physical influence of these fac- 
tors. 

Temperature. — From all points of view, probably the most impor- 
tant single factor of climate is temperature. With the sun vertical over 
the equator, a beam of energy which covers a unit area of the earth would 
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Lo distributed over a progressively larger surface if deflected obliquely 
toward the poles. It is said that, tin* aiiimml of solar energy falling upon 
a given area along any meridian at midday varies approximately as the 
cosine of the latitude. Less heat, therefore, descends upon a given area 
of the earth with increasing obliquity of the rays. Moreover, as the shell 
of atmosphere enveloping the earth has, especially through its watery 
content, considerable power of absorbing heat, it is obvious that oblique 
rays, which pursue a longer nhuospherie path, an* correspondingly rohbed 
of their heating power. Three conditions determine the insolation, or 
amount of solar energy, received at any place: 

(1) The obliquity of the rays, according to which less heat, falls upon 
a given surface; obliquity increases with latitude*. 

(2) The relative length of day and night. The ratio of day to night, 
increases with latitude, in summer. As pointed out by W. L. Moore 
(20), in his recent admirable work, “The rapidly increasing length of 
the day toward the polos during summer soon more* than compensates 
for the decreasing angle at which the* solar rays strike the earth”; so 
that during summer tin* insolation is actually more abundant at. the polos 
than at the equator. 

(tf) The absorption of solar energy by the air. In dust-free air the 
absorption of heat depends upon the presence of contained watery vapor 
and carbon dioxid. With increasing obliquity of the rays more air is 
traversed and more heat absorbed. Watery vapor and carbon dioxid have 
a specific absorptive power for the longer ruvs of the spectrum. 

The following table copied from Moore’s work represents the intensity 
of insolation at different solar altitudes: 


Intensity op Insolation at Difpkkent Solau Altituokh 
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Although the earth is actually nearer to the sun in the winter of the 
northern hemisphere than in llie summer, the greater relative obliquity of 
the rays during the former season is the chief cause of its cold. In the 
southern hemisphere, on the contrary, summer occurs in perihelion and 
winter in aphelion. We should, therefore, expect to find a much greater 
difference between the extremes of annual temperature south than north 
of the equator. Meteorological observation shows that such is not the 
case; the northern hemisphere has a climate of extremes, while the south- 
ern hemisphere has a relatively equable climate. The explanation lies 
in the fact that the land of the globe is chiefly aggregated in Ihe former 
and the wafer in the latter. This brings us to the consideration of the 
climatic relations of land and water. 

The specific heat of water is about four times that of land; that is, 
the same amount of solar energy would raise the temperature of a given 
body of land four times as high as that of an equal weight of water. 
Land is generally a poor reflector, but readily absorbs the heat falling 
upon it, and as readily gives it back to the air by radiation. Land is 
also a poor conductor, so that the heat absorbed is retained near the sur- 
face. Water reflects a considerable proportion of the incident heat. Water 
is a fairly good conductor, and the heat absorbed penetrates somewhat 
deeply and is evenly distributed. Heat reflected from the surface, or in 
evaporating the fluid, takes no part in warming the water. 

The difference in density induced by the equatorial heat and the arctic 
cold, respectively, leads to the establishment of a convection circulation 
in the water, of which the great ocean currents are the most striking 
manifestations. The warmed water of equatorial zones moves along the 
surface toward the poles, whence deep reverse currents sweep to the equa- 
tor to be warmed in turn. The Gulf Stream of the Horth Atlantic is 
generally credited with maintaining the temperature of the British Isles 
and northwest Europe far above that normal to the latitude. This effect 
is largely due to prevailing warm winds which blow from the sea. The 
influence of such air movement is to a great extent determined by the 
height of the coast line or the existence of mountain ranges parallel to 
it. Most littorals, and consequently to a greater or less degree the in- 
land surfaces, have their temperature modified from that normal to their 
latitude by the contiguity of either warm or cold ocean currents. The 
important consideration in this place is the general fact that large bodies 
of water oppose extremes and tend to conserve a uniform temperature. 

By the temperature of a place is meant the temperature of the air 
above it. This depends primarily upon the sun’s rays, but may be much 
modified by reflection or radiation of heat from neighboring surfaces. A 
sleeping room at night may be uncomfortably warm from the radiation of 
heat absorbed during the day, although the air without is cool. The 
streets of a city under the summer’s sun have, by reason of reflection and 
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radiation < » L’ heal, a much higher temperature than i< normal to t he.* air. 
An overcast, sky reflects the heat radiated from t lit* earth ami at night 
prevents 1 lit' imrmal cooling of the air. Farmers protect delicate ])huits 
from frost hv suspending over them a sheet which rollout s the* heat radi- 
ated from the ground. In fact, the conditions of temperature and mois- 
ture near the surface are apt to differ \\idcl\ from those touud at even 
slight elevations in the free air. The variations near the surface are 
extreme and rapid, and depend upon tin* pliwcal properties of the soil 
and its covering. If there is no wind, a thin stratum of cold air may 
stay in contact, with tin* ground, hut warm air would rLe by convection. 
Therefore, meteorological observatories are elevated above the uecident.nl 
influences of the surface*. 

The true air temperature ean only be obtained from a thermometer 
placed in the shade* and removed from proximity to relleeting and radiat- 
ing surfaees. The* temperature due to direct insulation, such as uffccis a 
person standing in the open, is measured by a special thermometer having 
a blackened bulb inclosed in a vacuum, and which is suspended in the 
sun. The* lowest temperature of the day is registered shortly he* fore sun- 
rise, while the highest comes an hour or two after mum. Similarly, the 
warmest period of tla* year is about a mouth later than tin* summer sol 
slice, and the coldest period follows the* winier solstice after about Ihe 
same interval. The mean temperature of the twenty-four hours is ob- 
tained by adding the figures of several observations, as those made at 7 
a. m., 2 p. m., and K p. m., and dividing flu* result, by the number of 
readings. Tt is obvious that two places may hu\e the same mean tempera- 
ture, while in one the diurnal temperature range is very great, and in 
the other very small, a matter of great physiological importance. A true 
estimate* of the temperature changes of a place can only he obtained 
ll trough records which show daily, monthly, and yearly means as well as 
means of maximal and minimal temperature* for tin* same periods. Tlu* 
temperature* relations of different places throughout Ihe globe may he 
graphically portrayed and tinder-tond at a glance by tin* construction of 
isoihmw w. These arc lines joining various stations having the same tem- 
perature* ( in general the mean temperature) at the* same time. 

The isotherms of high southern latitudes, where then* is relatively 
lit! It* land, run nearly parallel to the* equator throughout the year. Hut 
in the northern hemisphere, containing tilt* great continents, the isotherms 
in summer reach higher and in winter lower n\er the laud than over 
tin* water. That i*, once more, under tin* same variations of insolation, 
continental lemperat lire changes are sudden and extreme, while oceanic 
temperature change* arc gradual ami moderate. 

Atmosuhuuk’ Humidity. — Humidity denotes flu* moisture contained 
in the air. When flic water is in Ihe form of gas it is said to lx* d hit her- 
nia nous. Hut collected in the form of droplets, even if visible as clouds, 
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it has great capacity for absorbing beat. Hence, in murky or cloudy 
weather, the changes of air temperature are less extreme than when it is 
clear. Temperature and humidity are almost inseparable in their cli- 
matologic and physiologic relations. The atmosphere always contains 
more or less watery vapor. The amount of vapor which it can contain 
without condensation into liquid particles increases with the temperature. 
A definite weight of water when evaporated will saturate a definite cubic 
space at a definite temperature. The amount of vapor thus sustained 
is nearly indifferent to the gases already present. If the temperature of 
a saturated space be lowered, part of the vapor will be condensed. If 
the temperature rises, more vapor can be sustained. The following table 
(36) represents the maximal quantity of water that can exist as vapor in 
a cubic foot of space at various temperatures: 


Temperature 

Number of grains of 
aqueous vapor in a 
cubic foot 

Temperature 

Numb*er of grains of 
aqueous vapor in a 
cubic foot 
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0° F 

0.5 

60° F 

5.7 

-10° F 

0.3 

50° F 

4 1 

-20° F 

0.2 

40° F 

2.8 




The actual amount of vapor contained in a given volume determines 
the absolute humidity. This, as just seen, has a maximum which increases 
with the temperature. The ratio of the amount of vapor actually present 
to that necessary to saturate the space at a given temperature is known 
as the relative humidity . 

Thus, if it requires 10 grains of vapor to saturate a cubic foot of 
air at a given temperature, and but 7 grains are actually present, the 
relative humidity is 70 per cent. The amount of vapor remaining the 
same, the relative humidity falls as the temperature rises, and vice versa. 
These relations gain their importance from the fact that the rate and 
amount of evaporation from a surface depend largely upon the capacity 
of the air for absorbing moisture. 

The lower the relative humidity the more powerful is the evaporating 
force. A knowledge of the absolute humidity of the air is sufficient for 
the purposes of the physicist, but the relative humidity expresses condi- 
tions of more physiological importance. Air at high temperatures can 
be “very dry,” and still contain more moisture than cool air, which is 
“very damp.” 
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The atmospheric* humidity is determined by tlu* psych roinclcr, which 
consists of a pair of thermometers, the hull) of one of which is covered 
with muslin moistened with water. Tin* mercury of the “wet bulb” in- 
strument stands at a lower level than that, of the “dry bulb 1 ' to an extent 
determined by the rate of evaporation from tin* moist muslin. The read- 
ings of the wet bulb are thought to represent the ‘‘sensible' 5 or physio- 
logical temperatures more nearly than those of the dry hull). The action 
of wind greatly accelerates evaporation ; a low degree of humidity which 
might he comfortable in the still air of a room would lx* disagreeable in 
the moving air of the* open. Home observers prefer to consider not. the 
relative humidity, but its complement, the* “saturation deficit, 5 ' which is 
the percentage of vapor which the air lacks for its saturation. .The dry- 
ing power of tin* air is determined by the percentage of watery vapor 
which is needed to saturate it. Thus at .‘50° f 1 . ( SIC* F.), with relative 
humidity 80 per cent., the amount, of water that, can still he taken up 
is about the same as when the air temperature is 10' -5 (J. (50° F.), and 
its relative humidity is only ;)(> per cent. 

In changing from the liquid to the gaseous form, water absorbs a 
groat amount of heat, rendering it latent and insensible to tin* thermom- 
eter. This heat, of vaporization is taken from the air and especially the 
surface, from which evaporation occurs. When the vapor is condensed by 
falling temperature, its latent beat is returned to the air, and the cooling 
by that extent is cheeked. The “dew point’ 5 is the temperature at which 
vapor is condensed upon surfaces chilled by radiation below the satura- 
tion temperature of the air. 

The absolute humidity of any region depends, in general, upon the. 
extent, of water surface, including the moisture of vegetation, exposed 
to evaporation. It. varies but slowly from lime to time. The relative 
humidity, on the other hand, rises and falls rapidly, inversely with the 
temperature. It is higher in the morning than in the afternoon. The 
capacity of the air to hold moisture rises with the temperature. The 
rate, of evaporation decreases with the rise of relative humidity, hut. in- 
creases with the temperature of the moist, surface* and especially with 
wind movement which removes the humid layer of air in contact with it. 
Evaporation is increased in high altitudes, both because of the lowered 
barometric pressure, and by reason of the* low per cent, of moist tiro in 
the air (17). As the amount of water which the air can hold depends 
upon the temperature of the latter, and as tin* temperature rapidly dim- 
inishes with altitude, it follows that most of the vapor is contined to the 
lower layers of the atmosphere*. About half the watery vapor lies below 
the level of 0,500 feet, and nine-tenths below 21,00*0 feet of altitude 
(I-Iann). The' intricate and profound relations of heat and moisture, to 
physiological functions will be dwelt upon in a subsequent section. 

Bain is due to the condensation of the vapor of the atmosphere when 
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it is chilled to the dew point. The tiny droplets thus formed coalesce 
to a greater or less extent before they fall. Solid particles suspended in 
the air under ordinary conditions serve as condensation centers for the 
rain drops. It is said that in saturated, dust-free air condensation may 
begin on suspended ions. 

Rain washes and purifies the air and becomes of great hygienic im- 
portance to the atmospheres of large cities. Rain is more abundant in 
warm than in cold countries ; and in regions where large surfaces of water 
are exposed to evaporation, provided the conditions for sudden chilling 
in the upper air are present, as on windward shores and in hill districts. 
Moisture-laden air, on striking a range of mountains, is deflected upward, 
and, being cooled, is apt to precipitate its moisture as rain on the wind- 
ward side. 

Winds. — The chief cause of wind is an unequal heating of the air. 
Air expands or contracts by 1/491 of its volume for every degree E. of 
rising or falling temperature. Warm air is specifically lighter than cold 
air, and when masses of air at different temperatures are contiguous, 
they move down or up with velocities determined by the difference of 
densities. The foundation of wind on temperature is simple in explana- 
tion, but fundamental in importance. 

A patch of sandy soil gets hotter under the sun than a surrounding 
surface of clay. The superior radiation from the sand heats the air 
just above it, and the heated air rises as if in a chimney, the cooler sur- 
rounding air continually pressing in and replacing it at the surface, to 
be warmed in turn. The column of expanded air, on reaching a greater 
or less height, flows over upon the surrounding bed of cooler atmosphere. 
Wind is the movement necessary to the restoration of equilibrium of 
density throughout the atmosphere. As aqueous vapor is specifically 
lighter than either oxygen or nitrogen, a given volume of moist air is 
lighter than that of dry air at the same pressure and temperature. Hu- 
midity is, therefore, a cause of winds. Winds are classified as perma- 
nent, periodic, and non-periodic. “To the permanent winds belong the 
trade winds, the antitrades, and the prevailing westerlies of high lati- 
tudes ; to the periodic winds belong monsoons, land and sea breezes, moun- 
tain and valley breezes ; to the non-periodic winds belong the high winds 
that accompany cyclones and anticyclones, including the hurricane of the 
West In dies, the typhoon of the China Seas, the simoom of Arabia and 
Africa, the sirocco of Italy, the fohn winds of the Alps, the chinook 
winds of the northwestern part of the United States, the mistral of Eu- 
rope, the Texas northers, the blizzards, and the hot winds of our western 
plains, tornadoes, the thunderstorm gusts, whirlwinds, and many others’ 5 
(29). In this article only the general features of the subjects can be 
discussed. 

Warmed air rises as it expands, and cooled air descends as it con- 
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tracts. The contrast between currents of different temperatures is par- 
ticularly obvious whore they are eon tilled, as among the slopes and val- 
leys of a mountainous region. Uniform terrestrial wind movements 
largely depend upon the heating of the air in equatorial regions. A 
vortical motion is thus given to the medium and the air, being heaped up 
in the higher altitudes, flows off north and south to about latitude 150°, 
where, having become denser than flu* supporting medium, it deseonds to a 
greater or less extent in a vertical direction. Air currents on the sur- 
face of the earth have, of course, the 1 reverse direction to those above. 
The dense air of the polar circles Hows cquatorwnrd until it meets the 
surface currents moving poleward, when it. ascends vertically, to he dis- 
tributed again according to the relative densities. As Phillips U>(>) puts 
it: ‘"The final result would he surface winds on the equatorial sides of 
latitude i>0° toward the equator, and on tin* polar sides toward the poles; 
surface winds within the polar circles toward the equator; regions of 
variable winds and calms at, the equator, latitude IJ0°, and the polar 
circles. The circulation, however, would still he along meridians.” These 
ideal relations are somewhat changed by the axial rotation of the earth. 
As the actual velocity of rotation on a meridian increases from pole to 
equator, a mass of air moving southward is in the northern hemisphere, 
left behind its appropriate meridian and becomes directed southwest. 
The result of this motion is seen in a deflection of incridiunul currents, 
so that in the. northern hemisphere north winds become northeast, and 
south winds become 1 southwest, in direction. In the southern hemisphere 
the deflections would bo complementary. 

The so-called trade winds of lower middle latitudes have their ex- 
planation in such rotational deflections of meridianal currents. Such re- 
lations hold well over the oceans, lmfc the modification of temperature con- 
ditions over continental areas, and especially the obstructive and cooling 
influence of mountain ranges, complicate the actual wind movements. 

The orderly connection between temperature and wind is familiar in 
the daily land and >ca breezes on the coast line of any large body of water. 
The specific heat of land and water being about as 1 to I, the land is 
rapidly heated in the day time, and the air expanding above if flows sea- 
ward in the upper regions. The cooler air over the water takes the re- 
verse direction along the surface, thus giving rise to tlu* tempering sea 
breeze of a Hummer's day. At night the land rapidly loses heat hv radia 
tion, and the air above it. becomes more condensed than that above the 
water. The result is a nocturnal land breeze which lasts until temperature 
equilibrium is again reached. 

Cyclones and Ant icy clones . — During summer flu* excessive heating 
of continental areas leads to the generation of upward air currents many 
hundreds of miles in diameter. The lowest barometric pressure under 
such an expanse of upward motion is about at its center. The denser 
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surrounding atmosphere flows in from all directions along the surface 
toward the point of lowest pressure. The actual direction of wind move- 
ment, however, is not radial toward the “low” center, hut, following the 
law of meridianal motions, the currents in the northern hemisphere take 
a circular direction opposite to that of the hands of a watch. Such a 
system of wind movement is known in meteorology as a cyclone. Con- 
versely, when a column of air becomes heavier than the atmosphere in 
general, as commonly happens over continents in winter, the denser air 
moves vertically downward and passes outward along the surface from 
this center of high barometric pressure. Por obvious reasons, the direc- 
tion of wind motion in such a case is, in the northern hemisphere, like 
that of the hands of a watch. Such a system of wind movement is known 
as an anticyclone. The physiological effect of the cold, dry, pure air 
thus brought to the surface is one of invigoration. The reader is referred 
again to the comprehensive work of Moore for a graphic account of the 
meteorological bearings of this subject. Winds are of very great impor- 
tance in medical climatology. They may furnish in turn the most grate- 
ful relief from the depressing effects of heat and moisture, or render an 
otherwise enjoyable climate unbearably rigorous. 

Autitude. — The factors of climate are more or less modified with 
elevation above sea level. The weight of the atmosphere and, therefore, 
the barometric pressure decrease progressively in a vertical direction 
from the surface of the earth. When the barometer reading at sea level 
is 29.97 inches Hg, at an elevation of 5,000 feet it is about 24.97 inches, 
and at 10,000 feet 20.39 inches. The rate of fall decreases progressive- 
ly. In the first 1,000 feet of elevation the pressure is lowered by 1.15 
inches Hg, in the tenth 1,000 feet by only 0.77 inch Hg. According to 
Boyle’s law, the volume of a gas varies inversely with' the pressure, the 
temperature remaining the same. Therefore, the atmosphere is progress- 
ively rarefied with increasing altitude; the proportion of its constituents 
remains the same. At an elevation of about 3.5 miles, or 18,480 feet, 
the pressure is reduced to about half that of sea level. Permanent human 
habitations occur at altitudes approximating this (over 16,000 feet in 
Thibet and Bolivia — Hann). As the weight compressing the air de- 
creases with elevation air expands, and in expanding absorbs from the 
surroundings heat which becomes latent because doing the work of expan- 
sion. On returning to a lower level this latent heat is given off again 
when the air reaches its original volume. Dry air falls in temperature 
about 1° E. for every 183 feet of elevation. When the air is moist this 
relation is disturbed by the latent heat set free from condensing watery 
vapor. Over the equator continuous snows are found on mountains at an 
altitude of 18,000 feet. The snow level north and south descends with 
increasing latitude, and varies with the season. Mountain tops are said 
to be cooler than the free air about them, though the rate of temperature 
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decline is less on mountain slopes than in the fret* air, an<l over elevated 
table. lands the temperature decrease is much mure gradual. 

Watery vapor follows the law of expanding gases and decreases per 
volume of air with ascent ; moreover, the amount held in solution is 
reduced by the lowered temperature (see table, p. ilol ). 

Solid particles, wlii<di form an adventitious but. constant constituent 
of the atmosphere at low levels, decrease with ascent above the surface. 
The air upon high mountain slopes has been found free from dust and 
bacteria. The result of these conditions has more physiological than 
physical value. Vegetation is sharply limited, owing to t lit* falling tem- 
perature on flu* slopes of high mountains as shown by the “tinder line,” 
which is higher on southern than on northern exposures. 

Pure, dry air is nearly diathenuanous. Solid particles, carbonic 
acid, and especially water in suspension are the atmospheric elements 
capable of absorbing heat. We therefore hud that their reduc- 
tion in elevated regions is manifested hv increased intensity of insola- 
tion. A surface capable of absorbing beat becomes excessively warm 
under tin* sun’s rays, but, the air being cold, a thermometer placed 
in the shade shows a low degree of temperature. The beat-absorb- 
ing constituents of the atmosphere also operate specifically upon 
the less refrangible rays of the spectrum. Therefore, solar boat 
and light are not only more intense, in the clear air of high altitudes, but 
the proportion of “chemical” rays is greater than at sea level. 

Sum. — The nature of the soil found in any locality is an important 
climatic factor. Soils differ greatly in their capacity for absorbing and 
radiating heat., and for holding water. Estimating the capacity for heat 
absorption and radiation of sandy limestone at 100, that of pun* sand is 
{)(», that, id* various clays varies from (57 to 77, while that, of humus is 
only 4 \) (dti). It. bus been found that a layer of sand half an inch or 
more thick on marshy ground so increases its absorptive, power that the 
radiation at night sullires to prevent the freezing of crops that would 
otherwise suffer. The* greatest range of temperature is found where 
tlu* land has the greatest power of absorption and radiation, as over 
deserts. The character <>f the soil has especial importance in its relation 
to the* absorption and retention of water. Sand absorbs water most read- 
ily, hut allows it to percolate rapidly. Then* fore, a sandy surface quickly 
dries after a heavy rain, unless underlaid by an impervious layer. Olay 
absorbs wider with diflimhy, and gives it up slowJv. II minis has exfraor- 
d inarv capacity for absorbing water, which it takes up slowly, but. re- 
tains strongly. Damp soils art* those which retain or prevent tin* percola- 
tion of water. Cultivation of the ground greatly enhances its capacity to 
store water. The atmospheric humidity varies with the moisture in the 
soil, and the temperature relations of the air approach in equal degree 
those found over water surfaces. The reflecting powers of the ground 
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covering are of physiological moment, as witnessed in the glare from 
sandy deserts on the one hand, or mountain snow fields on the other. 

Electricity. — Electricity is a climatic factor of unknown value. It 
is said that the atmosphere is usually positively electrified with regard 
to the earth, and that the open air is positive to that within dwellings. 
During rain storms the air charge is said to become negative. In the 
dry air of elevated regions the house dweller is often painfully reminded 
of his electric potential by the shock that follows his touch of a grounded 
conductor. 

There may be truth in the popular conception that ozone has impor- 
tant climatological relations. It is a powerful oxidizing and purifying 
agent. It is formed from oxygen under the influence of electric dis- 
charges produced by many and various meteorologic and telluric condi- 
tions, or by the action of ultra-violet rays. In general, its presence in- 
dicates the absence of organic pollution, and is associated with a bracing 
physiological effect of the air. 

Composition of ti-ie Atmosphere. — The composition of the free air 
in different places is remarkably uniform. This is given for pure dry 
air by Moore (29) in the following: 


Table Showing Composition op the Atmosphere 



By Volume 

By Weight 

Nitrogen 

78.04 

75.46 

Oxygen 

20.99 

23.19 

Argon 

0.94 

1.30 

Carbon dioxide 

0.03 

'0.05 


100.00 

100.00 


Other gases, such as krypton, neon, etc., which occu * in small amounts, 
are without known effect. A small trace of ammonia, important to plant 
life, is said to be normally present. A most important and variable con- 
stituent is watery vapor, which ranges in amount from 3 per cent, of 
volume in the dampest regions, to a vanishing proportion in the dryest. 
The percentage of the different components of the atmosphere, with the 
exception of the watery vapor, is practically unchanged by altitude. 

Barometric Pressure. — This is the sum of the partial pressures of 
all the gases in the atmosphere. While the total pressure is due to and 
measures the total weight of the air-cone supporting the mercurial col- 
umn, the partial pressures of the various components of the air do not 
exactly measure their relative weights. “Equality between partial pres- 
sures and weights would hold if the percentages of the gases present re- 
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nuiined constant throughout the atmospheres; but when the percentage of 
any substance decreases with elevation, the pressure it exerts is correspond- 
ingly greater than its own weight. Thus the pressure of water vapor 
at the surface of the* earth is about six times its weight, or sixfold what 
it would be if the gases were not present" (2b'). 

The atmospheric pressure at sea level in fair weather is usually rep- 
resented by a mercurial column 7<»0 millimeters, about IJO inches, high. 
The pressure decreases regularly with altitude, but its decline is affected 
by latitude, temperature, and humidity. The barometric fall for equal 
ascents becomes slightly less with increasing altitude. Roughly esti- 
mated, the barometer falls 1 mm. for every 12 meters ascent, or one 
inch for each J32S yards above sea level. 

Dust and Impurities in the Atmosphere. — The hygienic relations 
of atmospheric purity will be referred to later. Except in tin* uninhabited 
regions of high altitudes, and to a degree over the oceans, dust part idea, 
including microorganisms, arc constantly suspended in the, air. “The 
air of large cities invariably shows hundreds of thousands of dust-motes 
to the cubic centimeter, that, of the village or town thousands, and that 
of the open country at least hundreds" (25>). Light striking upon the 
suspended dud, particles is scattered in all directions. They are the chief 
elements in the diffusion of daylight. In dust-free air only objects would 
be visible which were illuminated by the direct rays from the sun or 
those reflected from visible surfaces. Tyndall (43) found in bis experi- 
ments that the dust most difficult to remove was combustible, and there- 
fore composed of organic matter, 

Tlie color of the sky, the duration and colors of twilight, are largely 
determined by the optical effects of dust-motes in the upper air. But 
dust owes its particular climatological importance to the fact that its 
particles serve as (lie condensation centers which seem to be necessary to 
initiate tlie formation of droplets of moisture which give rise to fog, 
cloud, rain, and snow. 

The Influence of Vegetation on Climate.- Forests have an important 
human interest in their ellhdeney as wind brakes. Radiation and evap- 
oration are increased over verdure-covered areas and, therefore, the gen- 
eral influence of vegetation is to cool the soil. The average humidity of 
the air of forests is several degrees above that of that, of the open. The. 
general effect of such growths is to conserve uniformity of temperature 
and moisture and to oppose extremes. Only a few years ago it, was 
generally assumed that vegetation, and especially fnrestulion, had extreme 
importance both in increasing rainfall and in improving the capacity of 
the soil to absorb and retain water. Deforestation has been charged with 
causing aridity of once fertile regions on the one* hand, and with allow- 
ing the rapid run off of excessive precipitation in disastrous floods on 
tlie other. An unprejudiced analysis of climatolugie facts has led to the 
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conviction that vegetation in general is only an effect and not a cause of 
rainfall (IT). 

Professor Willis L. Moore, Chief of the TL S. Weather Bureau, has 
carefully investigated this subject (30). He finds that: “In Hew Eng^ 
land, where deforestation began early in our history and has been exten- 
sive, the mean of the fluctuations in the rain curve is a steady rise since 
1836 up to a few years ago; and in the Ohio Valley, where the forest 
area has been greatly diminished, there is no decrease of rainfall shown 
by the average of the fluctuations of the curve.” He concludes : “Pre- 
cipitation controls forestation, but forestation has little or no effect upon 
precipitation. . . . The runoff of our rivers is not materially af- 

fected by any other factor than the precipitation. Floods are not of 
greater frequency and longer duration than formerly.” It appears that 
the capacity of soil to absorb and retain water is enhanced rather more 
by artificial cultivation than by mere vegetation. 

On the other hand, the existence and distribution of plant life are 
directly dependent upon temperature and humidity. Good crops are 
raised by “dry farming” in regions, as Colorado, where the rainfall is 
insufficient to support spontaneous growth. The main feature of the 
method consists in fine trituration of the surface soil. This conserves 
its moisture, probably in several ways, one of which may be, as Phillips 
suggests, the breaking up of the capillary pores through which drainage 
of surface water is wont to occur. The distribution of plant life in gen- 
eral, other things being favorable, is determined by temperature ranges. 
Plant growth does not take place until a temperature of about 43° E. 
is reached. The amount of growth depends upon the number of hours in 
a season in which the temperature is above this limit. Of two places 
having the same mean temperature, one may be barren and the other con- 
tain a rich flora through favor of a short, hot summer. 

PHYSIOLOGICAL AND MEDICAL CLIMATOLOGY 

The living organism responds to its physical environment. While 
each climatic factor has a preponderant effect upon one or another physio- 
logical function, the fact that these functions are interdependent and that 
climatic conditions vary more or less as a whole makes the study of physio- 
logical climatology one of exceeding complexity. The ideal scientific 
presentation of the subject would denote the relations between climate and 
the living orga ni sms in the form of an equation. On one side would 
be grouped the physical variables entering into the concept climate; on 
the other side would stand the infinitely complex community of reacting 
cells of the body. The science of medical climatology must attempt to 
present the integral effects upon the second term of the equation of muta- 
tions in the variables of the first. This underlying mathematical coneep- 
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lion of 1 lit* subject is manifest in tin* actual examination by the labora- 
tory worker of tho physiologic etfeot t »t* the change of individual elimatic* 
factors. Moreover, tin* mathematical pt »i lit of view has definite practical 
value in that if reveals Ihe futility of expecting a solution of the problem 
without a full knowledge of all the variables which enter into it. 

The Physiological Reaction to External Temperature.- - Tempo rat ure is 
biologically the most- dominant find or of climate. Metabolism of living 
matter goes on within a narrow range of body temperature. (\dd-blooded 
animals, whose chemical processes in large measure rise and fall with 
external temperature, have, like plants, a geographical distribution strictly 
related to Ihe thermal environment. Warm-blooded animals react to 
variations of external temperature* in such a way that, in general, metab- 
olism with production of bout is increased and loss of beat decreased by 
external cold, while the reverse reactions occur when the external tem- 
perature rises. l>y these means a nearly constant body temperature is 
maintained under wide lluetuations of air temperature. 

The heat, of the body is due to katabolisiu, or the breaking down of 
complex into simpler chemical compounds, in which process potential 
energy becomes liberated and kinetic. The food is the fuel which sup- 
plies the body with all its energy, and there is believed to be an exact, 
equality between the energy, estimated as beat, lost to the food in tho 
body and that. set. free in the vital processes, supposing the weight of tho 
body to remain tin* same. Therefore, the laxly in its metabolism is sub- 
ject to the law of the conservation of energy. 

Observations on men coniined in a calorimeter show exactly how imic.li 
energy, estimated as heat, is lost to the body under different conditions 
in a given time. It is obvious that, to maintain the body unchanged, it 
must receive in the food at least as much energy as it. loses in its metab- 
olism. 

For the full value* of food, etc., see Yol. I, Sec. I, (‘haptcr XIII. 

Parallel with tho increased ingestion of heat-producing food, physio- 
logical combustions arc increased in the cold, otherwise the level of body 
temperature could scarcely be maintained. The* four-ti fills or more of 
the energy of muscular contraction which appears as heat, not. to speak 
of tlu 1 warmth from circulation friction, arc important sources of bodily 
heat. All these facts harmonize with flu* ethnic experience that, broadly 
speaking, the peoples of the higher temperate latitudes art* character- 
ized by physical energy and mental initiative, while those of torrid zones 
exhibit a comparative bodily lassitude and mental inertia. 

In actual climates oilier factors than temperature, notably humidity 
of the air, enter into tin* physiological problem and demand a special 
discussion. 

External temperature lias a fundamental eausal influeuee on body 
metabolism. Tt is a fair assumption that there is an optimum metabolism 
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at which machine efficiency of the organism is at its acme, and that this 
condition represents the most perfect attainable standard of good health 
for the individual. It seems probable, though it does not follow of neces- 
sity, that the ability of the tissues to adjust themselves to varying en- 
vironment, and to produce the various biological antagonists against in- 
fectious diseases, should manifest an intimate dependence upon this 
physiological efficiency. In short, what we term “the resistance powers” 
of the body probably vary in some direct proportion with that harmony 
of metabolism whose optimum is manifested by perfect mechanical effi- 
ciency. Such a view finds luminous exposition in the clinical experience 
that an environment of open air provides the body with a more or less 
specific resistance against the advance of certain, infections — notably tu- 
berculosis. It is commonly admitted also that tuberculous patients thrive 
better when they react to the cold of winter than when subjected to the 
heat of summer. It is fundamentally important to realize that the com- 
munity of living cells forming the body is a moving system, reacting 
instantly to every change of environment. The resultant of such a 
physiological adjustment is subtended by a state of consciousness, a sense - 
of comfort or discomfort, of well-being or ill-being. This psychological 
condition is what determines man’s estimate of climate, and I assume 
that it is the natural and, on the whole, most reliable test of the con- 
servative or destructive tendencies of underlying physiological activities. 
Our appreciation of a change is always measured by the state to which 
we have already become adjusted. Thus, as ILuggard points out (25), 
Boss and his party of Arctic explorers found the temperature of — 29° 
to — 25° E. agreeable after they had been exposed to one of — 47° E. ; 
and Parry’s men complained of heat at 26° E. after they had become 
accustomed to — 13° E. 

Zuntz (48) and his party in the Alps found that, in the spring time, 
after a winter’s inactivity, the guides suffered fatigue and metabolic dis- 
turbance in climbing a certain height, which disappeared after the physi- 
cal training of a summer. Training is the process of physiological ad- 
justment necessary in passing from one habit or environment to another. 
Every organism has its individual range of physiological response to the 
process of training. Somewhere on this scale, whether it be constructed 
on the basis of external temperature or any other climatic factor, is a 
point at which, for the moment, is found the optimum of physiological 
response — or that response which best conserves the well-being of the 
organism as a whole. The numerical situation of this optimum varies 
with the individual, and for the same person at different times. Beyond 
the extremes of the scale, life can no longer exist. 

The essential thesis of this argument is that climate, in its broad 
sense, is an indispensable factor in physiological therapeutics. 

The body temperature in man has been found by most observers to 
19 A 
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vary only within om* degree during residence in opposite' extremes of 
latitude (do). The accuracy of most <»b.M*rvat ions L impaired because 
the records have been obtained from the month or axilla. This uniform- 
ity of body temperature under different external conditions is maintained 
by coordination between tlu* nervous mechanisms for the dissipation and 
production of beat. According to Yierordt l-l ), the relative loss of heat 
through various channels is represented in the following table: 


1. 

2. 

Bv urine and feces 

By expired air: Warming of 

1.8 per 

cent. 

or 17,500 calorics 


air 

Vaporization of water from 

3.5 " 

it 

a 84,500 “ 


lungs 

7.3 “ 

iC 

“ 182,120 « 

3. 

4. 

By evaporation from skin. . . . 
By radiation and conduction 

1-1.5 “ 

u 

“ 301,120 “ 


from skin 

73.0 “ 


“ 1,701,820 “ 

2,4 70,000 


The relative values of these factors change greatly with external tem- 
perature and humidity. Thus, in warm weather, the loss of heat, result- 
ing from the evaporation of perspiration rapidly augments. The nerv- 
ous mechanisms involved comprise tin* respiratory center, tin* vasomotor 
center, the sweat centers, certain other secretory centers, and the various 
afferent and efferent nerves which connect them with the skin. The reg- 
ulation of heat production involves chiefly tlu* motor nerve centers with 
the motor nerves of skeletal muscles, and the character and quality of 
the food ingested, (hilorimef rie experiments on men ami animals show 
that tlu* respiratory exchange, measured by the amount of oxygon absorbed 
and carbon dioxid exhaled, increases with fall of external temperature. 
In the cast* of man, tlu* increase* of oxidation through cold is insignificant 
if, by voluntary control, muscular movement ami shivering arc avoided. 
Thus is manifest the purpose* of the instinctive muscular activity in- 
duced by falling temperature. Uuhncr (21) found the amount of OO a 
eliminated by a fasting guinea-pig in air cooled to 0 < \ to he more than 
double what it. was when at a temperature of 2, 1.1) 1 ( \ (0 1.8 ‘ P. ) ; and 
this with a difference of but 1.2 “ (\ in body temperature. 

The general conclusion from numerous researches on this subject is 
that the intake of oxygen and output of carbon dioxid increase* with 
lowering, and decrease with rising, temperature of the environment. It 
is an interesting conclusion of Loewy that “the only involuntary regulator 
of temperature in a man expensed to moderate cold is tlu* skin” (ow). But 
the range of this coordination has definite limitations. Thus, both in 
man and animals, when the temperature of the calorimeter exceeds 30° 
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to35°C. (86° to 95° F.), the combustions of the body increase beyond 
their magnitude at 20° C. (68° F.). 

It seems very doubtful if such increased metabolism would be found 
in acclimated individuals living in the tropics. Pfliiger made the in- 
teresting observation that, in a curarized rabbit, in which the muscles 
cannot be innervated, the gas exchange rises and falls with the external 
temperature as it does in cold-blooded animals. The same effect was ob- 
tained in paralysis following section of the spinal cord in the neck. It 
is a matter of medical interest to know that several observers agree that 
anesthetized mammals respond like cold-blooded animals to alterations in 
external temperature. 

The investigation of the effects of climatic temperatures, especially 
in the tropics, on physiological functions offers considerable difficulties. 
The conditions in hot countries are prone to be complicated by parasitic 
infections. Thus, according to some observers, a decided degree of 
anemia characterizes the inhabitants of hot countries, the number of red 
corpuscles in the blood falling to half that normal in temperate zones. 
On the other hand, denizens of polar regions are said to show plethora 
and polycythemia (25). 

These conditions might be explained by abundant alimentation on 
the one hand, and parasitic infection on the other. The influence of 
warm countries seems to lower arterial blood tension. The rate of heart 
beat at the same time does not seem to be materially changed. Evidence, 
of doubtful value, obtained at surgical operations and post-mortem exam- 
inations, indicates that residence in the tropics induces a hyperemia of 
the abdominal organs; on the other hand, the lungs contain less blood 
than usual. 

The general physiological effect of residence in hot countries seems 
to be epitomized in the muscular and nervous lassitude reported by resi- 
dents. The tendency is to a reduction in physiological tone; a lack at 
once in inhibitory force, and in active energy. 

Physiological Influence of Atmospheric Humidity. — The watery vapor 
diffused through the air has extraordinary physiological importance, not 
through specific action of its own, but by modifying the effects of other 
climatic agencies, as heat, cold, wind, and light. The vapor of water 
in the air, like a body of water upon the earth, tends to the preservation 
of uniform temperature. Watery vapor absorbs and renders latent a 
great deal of heat. The warmer the air the greater its capacity for sus- 
taining vapor, and thus accommodating a reserve of latent energy which 
must again become active when the vapor is condensed. Through at- 
mospheric humidity the earth is thus screened from the extreme intensity 
of solar insolation by day, and the earth is protected from extreme chill- 
ing through radiation and evaporation at night. The air in contact with 
a cooling surface is suddenly warmed when dew is precipitated. As al- 
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ready mentioned, iho drying power of tin* air is measured by tin* per- 
centage of watery vapor which it lack* toward *at unit ion; that is, it 
varies somewhat inversely with the relative humidity. 

Il has been seen that the regulation of hotly temperature in man in- 
volves the regulation of the loss of heat l>v tin* skin. In eohl weather the 
skin is relatively dry and the radiation of heal is reduced hv proper 
clothing, and tin* hotly warmth is conserved on the principle of the do 
mestie ‘'tireless cooker.” As the external temperature rises, the skin cir- 
culation increases, and the sweat glands give forth their watery secre- 
tion. The evaporation of the sweat removes the excess of heat from the 
body. When the air is still, the relative* humidity of the* layer next, to 
the skin is quickly raised so high as to impede further evaporation, the 
air seems ‘‘muggy," 1 and tin* subjective sensation is one of profound dis- 
comfort. A gentle breeze brushes away the moist, coating, and the re- 
freshing cooling process continues. A stronger wind, especially when 
concentrated on a limited portion of the surface, is apt to occasion such 
rapid chilling as to cause widespread circulatory disturbances, which in- 
troduce a diversity of pathological conditions. Herein is a held for in- 
vestigation which includes numberless phenomena, from the stilT neck that 
follows a draft, to the long list of respiratory infectious that have some 
relation to surface chill. The* discomfort occasioned by localized cooling 
of the body gives rise, in many people, to an instinctive aversion to drafts 
of air, which is worthy of special inquiry. Howell (24") quotes a case 
from Zuntz of a man who possessed no sweat glands: “In summer this 
individual was incapacitated for work, since oven a small degree of mus- 
cular activity would cause an increase in his body temperature to 10° 0. 
(104° If.), or 41° (A ( IOfi.S'* F.).” This wonderful capacity of tho 
body to regulate its temperature by evaporation was shown in the familiar 
experience of Hlagdon and Kordyee, published in the eighteenth century. 
These observers tested their own temperatures in rooms heated to various 
degrees. They found that the effect depended on the humidity of the air. 
“Tims, after remaining fifteen minutes in a dump room heated In 5 1.1° (*. 
( liiil.i) 0 F.), the temperature of the mouth and urine was OT.tH G. 
(100" F.), hut in a similar exposure in a dry room heated to 11.1. 5° (!. 
(200.0° F.), to 120.7° (-. (002° F.), and in which beefsteaks were be- 
ing cooked by the heat of the air, did not raise the temperature of the 
body above the normal” (35). 

It is clear that the chief regulator of the body temperature, as ex- 
ternal heat increases, is evaporation of perspiration, and that, the rate 
of evaporation is closely dependent upon the relative humidity of the air. 
The sensory nerves of the skin give fine warning of insufficiency in the 
physiological regulation through disagreeable sensations which we ascribe 
to “nmgginotw” or “stuffiness” of the air, and which are remedied, as will 
1x5 seen later, by air renewal through “ventilation.” When the external 
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temperature falls much below that of the body, atmospheric humidity 
still has predominant interest, but in another direction. When the air is 
cold and its humidity high, the skin loses heat to the moisture by con- 
duction , which accounts for the peculiarly chilling effect of damp, cold 
air. Wind hastens this loss of heat, so that it is clear how the wind may 
make a hot day more tolerable and a cold one less so. 

Ventilation. — Perhaps the greatest clinical discovery of all time is 
the empirical determination of the hygienic and therapeutic value of 
the open air. We are not yet certain of the pliysicophysiological reac- 
tions which constitute the virtue of fresh air. 

Until recently it seemed clear that the subjective appreciation of air 
purity was a question of lung ventilation. It was taken for granted that 
the “had air” of a closed and crowded room exerted its influence through 
a rise in C0 2 tension and fall in 0 2 tension within the alveoli of the 
lungs. Moreover, it was held that the expired air contained organic 
excretions which imparted to it poisonous qualities. In short, the deleteri- 
ous effects of respired air were attributed to its chemical qualities. But 
Haldane and Priestley (14) showed conclusively that, under a constant 
atmospheric pressure, the tension of 0O 2 in the alveolar air remains 
practically constant. The slightest increase in such tension automatically 
stimulates the respiratory center to more vigorous action; “a rise of 0.2 
per cent, of an atmosphere in the alveolar C0 2 pressure being, for in- 
stance, sufficient to double the amount of alveolar ventilation during 
rest.” When a person under observation was made to rebreathe the air 
exhaled, he felt no abnormal subjective impressions until the 00 2 per- 
centage in the air inhaled began to exceed 3 per cent. These authors 
found also that diminution of oxygen in the inspired air produced no 
reflex effect on respiratory rhythm until its pressure fell to about 13 per 
cent, of an atmosphere, which corresponds to an alveolar oxygen pressure 
of about 8 per cent, of an atmosphere, instead of a normal percentage 
of 11 to 1 7 (Loewy). It is therefore obvious that, as regards its content 
of 0 2 and C0 2 , the alveolar air is not only practically identical outdoors 
and in, but that under ordinary conditions its variations make no im- 
pression on consciousness. Many years ago Brown-Sequard and D’Arson- 
val announced that the deleterious qualities of expired air depended upon 
poisonous organic matter contained in it. They condensed the moisture 
in the breath of animals and injected the fluid obtained into other ani- 
mals with fatal effects. Other observers, repeating these experiments, 
failed to obtain the same results. Einally, the whole question was sub- 
mitted to an elaborate critical, experimental review in 1895 by Billings, 
Mitchell, and Bergey (6). These authors concluded that the ill effects 
of respired air depended wholly on its temperature and humidity, and 
not upon its increased content of carbon dioxid or any organic inclusion. 
Very recently, however, the subject has been taken up again by Rosenau 
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and Aiuoss (.*iS), wlui have Leon able to elenionstrate* that. ( lie* air e*xlu\lcel 
by a human lining actually contains organic matter, protcid in nature, 
cm ana ting from tin* body. Those* authors, like most others, found that 
the condensed moisture of the breath produced no symptoms when in- 
jected into guinea-pigs. When, however, a little blood serum from the 
same person was injected after an appropriate interval of some days, the 
animal usually showed unmistakable evidence of anaphylactic shock. It 
had been sensitized by proteid contained in the fluid first injected. These 
results seem conclusive evidence that expired air emit a i us organic matter. 
Whether this matter, when rebreathed, is physiologically indifferent., or 
whether it is resorbed and produces anaphylaxis, through which tissue 
resistance might be abnormally lowered bv every subsequent exposure to 
breathed air, or whether, if resorbed, complete immunity to (he substance 
is finally established, these are problems of great importance, and no 
filial teaching on ventilation will be possible until they are solved. 

From a noteworthy series of researches performed by Paul, lleyuumn, 
and Ereklautz under the direction of Fliiggc (11, 12, 20, ill), (be con- 
clusion seems justified that the subjective impressions f ho t we ltn\e been 
accustomed to ascribe to disturbances of lung ventilation really depend 
upon modifications of skin ventilation. The observations were made upon 
men confined in a closed chamber of three meters capacity provided with 
an electric fan. When the air was kept in motion by the fan, the sub- 
ject under experiment remained free from unpleasant sensation* in «ir 
which, measured hv ordinary standards, was excessively foul. When the 
fan was at vest and the air still, the person confined in the chamber soon 
began to suffer from the headache, dizziness, fatigue, nausea, etc., char- 
acteristic. of extremely poor ventilation. In this condition the patient was 
allowed to breathe, through a tube fastened in the wall of the chamber, 
pure air from outside. Xu relief was experienced through this proce- 
dure; nevertheless, when tlu* fail was started and the air put in active 
motion, the person under experiment again became comfortable. 

Experiments by Leonard Hill (22) and his colleagues have continued, 
in the most positive way, FUigge’s contention, that the subjective im- 
pressions aroused by lack of ventilation in closed spaces arc nowise de- 
pendent upon the chemical constitution of the air breathed, but rather on 
its temperature and its humidity, which interfere with the heat, regula- 
tion of tin* body by restricting transpiration from the skin. The benefi- 
cent influence of the air current is manifestly dependent cliiellv upon 
the accelerated evaporation which it cause**. The profound psyehophysio- 
logical influence of temperature sensations derived from the skin is further 
evidenced hv the curious fact observed by 1 Invent I ami Haldane (7), that 
when the air, whatever its real temperature, gave* the impression of 
warmth of an unpleasant kind, the tension of (H) a in tlu* lung alveoli 
be»caniL* lowered. They write: “We think, indee*d, that it is one* of the 
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physical expressions of the feeling of warmth and slackness, while the 
rise in the 00 2 tension (in the alveoli) is associated with the general 
exhilaration and stimulation produced by cold air.” 

Rosenau and Amoss (38) write: “Benedict has kept persons in his 
calorimeter breathing and rebreathing the same air with a C0 2 content 
as high as two per cent, for twenty-four hours without discomfort, the 
only precaution being to keep the temperature down and to remove the 
moisture.” 

Hough (23) describes an experiment in which a subject was confined 
for an hour or more in an air-tight box: “The percentage of C0 2 rose 
to 50 or more parts per 10,000. When the observer opened the door the 
odor of the air within was almost overpowering; and yet, provided the 
water vapor was absorbed and the temperature of the box kept down, the 
subject of the experiment had not only been unconscious of this odor, but 
had actually suffered no discomfort.” In his excellent essay this author 
clearly indicates the physiological relations of atmospheric humidity with 
rising temperature. When the air temperature rises above 70° E., the 
body temperature would become elevated, but for the evaporation of 
perspiration. “When, however, owing to high humidity, evaporation is 
lessened, blood rushed in large quantities to the skin at the expense of the 
flow to other organs j the temperature of the skin is raised, and so heat 
transfer by radiation, conduction, and convection is facilitated. The nor- 
mal temperature of the body is approximately maintained; but it is at 
the expense of the working efficiency of other organs, and especially that 
of the brain. ... In these facts we probably find the true explana- 
tion of the dull, heavy feeling, the difficulty of attention, and the dis- 
comfort both of the muggy summer day and of the crowded, ill-ventilated 
room. . . . Humidity influences the output of heat from the body 

in two very different ways: It increases the conductivity of the atmos- 
phere for heat — a cooling influence; and it interferes with the evapora- 
tion of perspiration — a heating influence. What the net result will be 
depends nq>on which of these influences of humidity is predominant.” 
It is pointed out that at air temperatures between 68° and 70° E. neither 
high nor low humidities have marked physiological effects while the body 
is at rest. This, therefore, is the optimum range of temperature for main- 
taining the comfort of inhabited rooms. 

ITuggard (25) quotes from Humboldt a striking description of the 
physiological conditions produced by hot, damp climates: “We had not 
yet been two months in the hot zone, and already our organs were so 
sensitive to the slightest change of temperature that, through shivering 
with cold, we were unable to sleep; and to our astonishment we saw 
that our thermometer registered 21.8° C. (71.24° E.). ... A 

change of not more than 7 or 8 degrees sufficed to bring about the oppo- 
site sensations of shivering and oppressive heat.” 
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It is obvious from the foregoing discussion thut the temperature, 
humidity, and mol ion of tin* air combine to determine physiological re- 
actions, which arc of the utmost significance to the welfare* of the body. 
Though the discomfort amused by the atmosphere of a poorly ventilated 
apartment may not, as demonstrated, be due to chemical deterioration of 
tlu> air, nevertheless these sensations of ill-being lose none of their value 
for hygienic prophylaxis. Tin* clinical experience which has demon- 
strated the debilitating effects of long-eon tinned confinement in close air, 
as opposed to the iuvigoration attendant on life in the open, finds a ready 
explanation in the respective influence exorcised by the two environments 
over the general resistance powers of the body. It appears that, the shin 
is a peripheral sensory organ specifically concerned in maintaining the 
hygiene of metabolism. 

The Physiological Influence of Diminished Barometric Pressure. — The 

menu pressure of the. air at sea level may he assumed to balance a column 
of mercury 7t>0 mm., about 00 inches, high. The total pressure is the 
sum of the partial pressure* of all the components of the atmosphere. 
With elevation above sea level the fall in the barometer is measured by 
the mass of air left below. The rate of fall is approximately 1 mm. Ilg 
for every 40 feet, of ascent in free air, or one inch per 1,000 foot. Willi 
ascent the relative proportion of the constituent gases is maintained, ex- 
cept that the watery vapor is chiefly confined to the lower level*. Mere 
difference in atmospheric pressures appears, within wide limits, to bo 
indifferent to living beings. The tension of the* gases dissolved in the 
body fluids soon balances that of the. surrounding air, so that the. physio- 
logical phenomena of a rarefied atmosphere cannot be properly ascribed, 
as so often is done, 1o a suction-pump effect upon the pulmonary ap- 
paratus; although, it. is true, a given amount of gas confined in the intes- 
tines expands in proportion to diminution of externa! pressure (21). 

The importance of the time element in the adjustment of internal to 
external gas pressure is well illustrated in the phenomena of “caisson 
disease.” In subaquatic constructions workmen in caissons are sometimes 
subjected to air pressures of three or four atmospheres. On returning to 
normal conditions, if the decompression is too rapid, peculiar symptoms, 
tingling, cramps, etc., are experienced, and paralysis or even death may 
ensue*. Ponl-mnrtcm examination shows that air emboli are set free in 
the central nervous system, leading to “necrosis in the* region of the pos- 
terior and lateral columns of the cord, especially in the* cervical region” 
(21 ). Sueh pathological results are avoided by slow decompression cov- 
ering a period of 1-2 hours. The physiological effects of high altitudes 
are probably all to be explained by the lowered pressure of oxygen, and 
possibly of carbon dioxid also, in the aheoli of the lungs. In tin* dry 
atmosphere, at 700 mm. pressure, the partial pressure of oxygen is about 
1M> mm. That of carbon dioxid is negligible. 
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Zuntz and Loe wy * analyzed the air expired by human beings and cal- 
culated that the composition of alveolar air varied between the following 
limits: “Oxygen between 11 and 17 per cent, of an atmosphere”; car- 
bon dioxid between 3.7 and 5.5 per cent, of an atmosphere. Or, in terms 
of tension, the partial pressure of oxygen ranged between 83.6 mm. H g 
and 129.2 mm., while that of carbon dioxid varied from 28.1 mm. Hg 
to 41.8 mm. Attention has already been called to the demonstration by 
Haldane and his associates that, under ordinary conditions, the partial 
pressure of C0 2 in the pulmonary alveoli of a given person is remark- 
ably constant. A very slight increase in the C0 2 tension leads to hyper- 
pnea and exaggerated elimination of C0 2 from the body; while, on the 
contrary, a lowering of C0 2 tension induces physiological apnea, or 
respiratory rest, and consequent accumulation of C0 2 in the body. That 
is, C0 2 is the normal stimulus of the respiratory center (19). On the 
other hand, fluctuation of oxygen tension in the alveolar ( air may occur 
within wide limits without producing obvious reaction, nevertheless, 
when the partial pressure of oxygen in the atmosphere falls to a certain 
level, about 13 per cent, of an atmosphere (14), the tension of the gas 
in the lung alveoli is so lowered that the body cells suffer from the lack 
of oxygen. 

Physiologists have generally maintained that the respiratory exchange 
between the alveolar air and the blood was regulated wholly by the physi- 
cal law for diffusion of gases. According to this law, a gas must pass 
from a medium where its tension is higher to one where it 'is lower, until 
there is equilibrium of tension. But Haldane and Smith (15) maintain 
that the tension of oxygen in the blood leaving the lungs is much higher 
than that in the alveolar air, and, therefore, “Diffusion alone does not 
explain the passage of oxygen from the air of the pulmonary alveoli to 
the blood.” In recent, unpublished, researches carried out on the top 
of Pike’s Peak, Colorado, altitude 14,100 feet, Haldane, f Henderson, 
Douglas, and Schneider have apparently fully confirmed the view that ac- 
tive absorption of oxygen by the alveolar epithelium is an important, if 
not the only, force behind its appropriation by the blood, when the 0 2 
tension in the alveolar air falls below a certain critical tension (19). It 
has been shown by Zuntz and others that the suboxidation of the tissues 
resulting from a critical lowering of alveolar oxygen tension is accom- 
panied by the accumulation of acid substances, especially of. lactic acid, in 
the blood. These acid substances in the blood stimulate the respiratory 
center and lower its “threshold of irritability” for C0 2 , so that the cen- 
ter is excited to work under the stimulus of a lower tension of C0 2 in 
the blood than would normally be effective. 

It seems probable that this metabolic disturbance, which is particu- 

* Quoted from Howell (24). 

t Personal communication. 
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larly prone to affect- newcomers in high altitudes, is directly responsible 
for many of the phenomena, especially of a psychic nature, of inounfain 
sicfoicHs. Mountain sickness is a curious symptom-complex manifested in 
very various degrees by people who mount comparatively suddenly to 
high altitudes. In Europe the disorder is said to commonly manifest 
itself at elevations as low as !),S00 feet. In America the critical level 
seems to be considerably higher. The subjective symptoms are those of 
dyspnea, especially with exertion, and a feeling of oppression in the 
chest. 

Disgust, for food and nausea leading to vomiting give name to the 
disorder. The sufferer is absorbed in his own misery, and the mental 
disturbance may proceed to temporary alienation, Tim skin and lips 
are blue, the circulation and respiration distressed, and the slightest, 
exertion exaggerates intolerably all symptoms. The inhalation of oxygen 
gas relieves at, once, for the time, the morbid condition. After a quiet 
sojourn of two or three days at the altitude provoking tin* sickness, iho 
body usually becomes accommodated to the new conditions, and a fair 
amount, of exertion may be taken without undue distress. Cyanosis of 
the skin disappears, the lips again heconu* red, and pulse and respiration 
return to about normal. A review of the literature on mountain sickness 
would reveal a curious multiplicity of explanations for the disorder. The 
dogmatic, statement may he ventured that the final cause of the symptom- 
complex lies in an inadequate oxygen supply. Haldane and his colleagues 
on Pike’s Peak found that, when samples of the venous blood were shaken 
up with air drawn from the alveoli of the lungs, the blood remained 
dark, although, at the same time, the arterial blood must, have been bright 
red, as shown b t v the color of the lips and mucous membranes of the 
subjects. This experiment, indicates both that the oxygen tension in the 
alveolar air was at. least no greater than that in tlx* blood from the right 
heart, and also that active* absorption of oxygon by the* alveolar epithelium 
must occur under sueli conditions. 

Clinical experiences have* led the writer to suspect, that an important 
factor, if not the internal exciting cause, in mountain sickness lies in 
circulatory disorder resulting in accumulation of blood in the venous 
system through inefficient* cardiac action, proceeding to dilatation of the 
right heart, and, in extreme eases, to insufficiency of the tricuspid valves. 
It is easy to believe that anoxemia would early depress tin* cardiac 
function. This would inevitably lead to plethora of the lungs and gen- 
eral venous system, and provoke the clinical symptoms characterizing 
the disorder. ITifortunatoly no opportunity has yet occurred to experi- 
mentally try out this theory, as by a study of the jugular and liver pul- 
sations. 

Physiological study of persons and animals removed from low to high 
altitudes shows a profound alteration in metabolism, especially of the 
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hemopoietic system. The absolute and relative amounts of hemoglobin 
and of the red blood-corpuscles are greatly increased at high altitudes. 
Zuntz and his colleagues (48), working on Monte Rosa, altitude 14,960 
feet, showed that the activity of the red bone marrow, as shown by its 
hyperemia and increased number of nucleated red cells, was accelerated 
by low barometric pressure. The number of red blood-corpuscles has 
been found to rise from 5,000,000 at sea level to 8,000,000 at about 
14,000 feet. The hemoglobin increases by 20 to 30 per cent, or more 
under the same conditions. 

Reflecting on the reason for these changes in the blood, at first view 
there might seem a paradox of Nature in the provision of an excess of 
oxygen-carrying material in proportion to the diminution of oxygen to 
be carried. On the other hand, the conception is incontrovertible that 
the hemoglobin of the body is not only a carrier, but a storehouse, for oxy- 
gen; and the excess, or luxus t of this stored oxygen must be greater, the 
lower the oxygen pressure in the alveolar air, in order to meet the de- 
mands of muscular activity. The relation of this respiratory “factor of 
safety” (28) to the nutritional demands determining a physiological 
dietary, touched upon in a preceding section, is not without suggestive- 
ness. Barcroft and King (4) have experimentally demonstrated the prob- 
ability of hemoglobin serving, in certain lower animals, as a storehouse 
for oxygen, which is given up to the tissues as emergencies arise. The 
dissociation of oxygen from its carrier is greatly accelerated with rise 
of temperature (4), and it is highly probable that the elevation of tem- 
perature occurring in active muscles is a definite device of Nature to 
make loose the oxygen when needed. 

As regards the colorless corpuscles of the blood, G. B. Webb (45, 46) 
and his associates at Colorado Springs, altitude 6,100 feet, find that there 
is a relative and absolute increase in the number of lymphocytes, includ- 
ing especially the large mononuclears, in the blood of persons removing 
from lower to higher altitudes. They find that the proportion of lympho- 
cytes rises from an average of 37 per cent, at sea level to 44 per cent, at 
Colorado Springs, and to 54 per cent, at Pike’s Peak. 

O. M. Gilbert (13) of Boulder, Colorado, has repeated these observa- 
tions at various altitudes varying from 9,000 feet above to 120 feet below 
sea level (in the Salton Sink of California). He found the highest ratio 
of lymphocytes (43,5 per cent.) in the blood of persons residing below 
sea level. At Boulder, elevation 5,380 feet, the proportion of lympho- 
cytes was 42.6 per cent. ; at Phoenix, Arizona, 1,100 feet, 41.5 per cent. ; 
at Gold Hill and Ward, Colorado, 8,300 to 9,200 feet, 40.5 per cent.; 
at Aurora, 111., 500 feet, 38.8 per cent. In short, the results indicate 
that the lymphocytosis is not a function of altitude per se, but of humid- 
ity of the atmosphere. The largest proportion of lymphocytes was found 
below sea level, where the air is phenomenally dry. This conclusion, if 
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confirmed, will add to tlie list of metabolic activities dependent on stim- 
uli arising from the skin under the influence of heat and moisture. 

The writer views “mountain sickness” as an expression of physiological inco- 
ordination accompanying* an effort of the body to adjust itself to a new environ- 
ment. It can hardly he doubted that, the process of physiological adjustment to 
rising altitudes begins at levels far below those at which the pathological phe- 
nomena are excited. When a person ascends from a lower to a higher altitude 
and remains at rest, eating lightly and securing good elimination, the utmost 
physiological economy is secured, and metabolism usually adjusts itself without 
conscious disturbance to the new physical conditions. Hut when the newcomer to 
high altitudes is imprudent in diet, and especially when his mental exhilaration 
stimulates to over-exertion, the ditliculties to physiological adjustment are, as 
pointed out in the preceding lines, enormously increased, and wo can but expect an 
expression of incoordination. In healthy individuals the strain of accommoda- 
tion is surmounted without, serious ill-effect; hut in persons suffering* from organic 
insufficiencies, such as witnessed in active pulmonary tuberculosis, myocardial 
disease, renal disorders, etc., it is not uncommon, even at the elevation of Denver, 
one mile above sea level, for fatal results to follow casual imprudence in exercise 
indulged in before the process ol‘ acclimatization is completed. 

The active readjustment of physiological powers accomplished during the 
period of acclimatisation excellently illustrates the rational? and importance of 
training for one who would submit, bis organism to unusual strain of any sort. 
The admirable researches of Zuntss and his co-workers (48) definitely established 
the physiological value of training. Comparing the metabolism in trained and un- 
trained subjects in climbing like heights, they found the energy evolved to he 
extraordinarily greater in the latter. A course of training largely eliminated this 
waste of energy. These accurate observations confirm the impressions gained 
from clinical experience, that, uuacclimatcd persons may usually sojourn with 
impunity in moderately high altitudes if careful not to over-exercise, but that the 
physiological effort in accomplishing a given amount of work increases somewhat 
inversely with barometric pressure. It is obvious that, invalids visiting an elevated 
region cannot he too careful in avoiding physical exertion during the period of 
acclimatization, and that every unusual feat should he gradually reached through 
a course of training. Especially important among the facts determined by Zuutz 
and his co-laborers is the discovery that metabolism is modified so that there oc- 
curs an actual laying on of proteid tissue. This favorable change may begin at 
elevations as low as about 1,(100 feet; but in ascents exceeding (>,000 feet the 
reverse process may become manifest. There tends, in untrained persons, to be an 
excessive consumption of proteid tissue. The favorable variation of metabolism 
initiated in moderately high altitudes may continue for a period after descent 
to lower levels. In the language of therapeutics, the characteristic salutary effect 
of elevated regions is tonic-reconstructive. Every climatic factor associated with 
low barometric pressure tends to act ‘ as a physiological stimulus to call forth latent 
powers and develop those already in action. 

Insolation. — Tn high altitudes the intensity of insolation is great be- 
cause the air holds lmt little moisture to absorb the rays; for flu* same 
reason, the heat radiated from the earth is not retained near the sur- 
face, but penetrates to upper levels. There is great difference, aeeord- 
ingly, between the temperatures of day and night, and between sun and 
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shade. In winter an invalid may sit comfortably in a solar temperature 
of 90° to 100° E., while a thermometer hung in the shade within arm’s 
reach registers below the freezing point. As it is the shorter wave lengths 
of solar energy which are especially subject to atmospheric absorption, 
the light of elevated regions is peculiarly rich in these “chemical” rays. 
The intense illumination is probably largely responsible for the psychic 
restlessness and irritability often witnessed in unacclimated persons at 
high altitudes. 

The physiological and psychic influence of light make it a cli- 
matic factor of great importance. Major C. E. Woodruff (47) charges 
the intense solar illumination with the evils, especially of the nerv- 
ous system, which make difficult the residence of white people in the 
tropics. 

According to him, light is the important agent in the production of 
neurasthenia and multifarious allied nervous disorders, and persons of 
blond complexion are especially subject to its evil influences. It seems 
highly probable that the debilitation induced in the tropics is due rather 
to the combined influences of heat and humidity, than to excessive il- 
lumination. Light is indispensable to normal life, and, if its excess leads 
to physiologic disturbance, it becomes all the more imperative for the 
climatic therapeutist to specifically consider this agent in his recom- 
mendations. It has already been stated that temperature takes the first 
rank in determining the physiological relations of climate. But it has 
long been clear that the feeling of heat, or “sensible temperature,” may 
vary widely from the air temperature as measured by the ordinary ther- 
mometer. Prof. M. W. Harrington (18), former Chief of the U. S, 
Weather Bureau, was apparently the first to definitely point out that the 
sensations of temperature run much more nearly parallel' to the readings 
of the wet-bulb than of the dry-bulb thermometer. 

Accordingly, in dry air, in which the heat of the body, is carried away 
by evaporation or perspiration, the weather may be comfortable, when 
at the same air temperature in a humid locality the heat would be op- 
pressive. Wind movement greatly enhances evaporation and the cooling 
effect of dry air. Isotherms plotted from readings of wet and dry-bulb 
thermometers, respectively, differ widely in their course, and we find 
therein a physical explanation of the surprising coolness felt on entering 
the shade on a summer’s day in arid regions. In the winter, on the other 
hand, by reason of the low humidity, little heat is lost to the body by 
conduction. Therefore, resorts in elevated regions tend to seem much 
cooler in summer and warmer in winter than places on the same parallel 
near sea level (42). 

Prof. Cleveland Abbe (1) points out that different individuals re- 
spond variously to the same physical environment, as does one and the 
same person at different times, as before and after eating. Observing 
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his own sensations, w 

itli the wind blowing live miles an 1 

the following results: 



Temperature Relative Humidity 

Subjective State 

80° F. 

20 

Fends line 

40° 

GO 

Feels line 

20° 

80 

Weather very 

00° 

80 

Comfortable 

80° 

100 

Suffocating 


In an essay like this it is impossible to give n detailed discussion of 
the modification of physiological functions induced at high altitudes. The 
monumental works of Paul Bert (5), of Mosso Oil), and of Zuntz (4-8) 
and his collaborators, together with the researches which have been cited 
here, represent the essentials of our present knowledge of the subject. 

Dust and Atmospheric Impurities. — Impurities in the atmosphere in 
the form of dust and noxious gases, not to speak of bacterial and other 
contaminations, have undoubtedly great, though little investigated, effect 
on human health. The* lungs are the organs speeiticallv nifeeted. The 
solid particles inhaled, to a greater or less extent, penetrate the bronehial 
mucous membrane and are distributed thence by the* lymphatics, leading 
to a condition known as pncuimmoh'tmioitiK. Fibroid change's art* induct'd 
by irritation from the* foreign particles, and considerable areas of the 
lung tissue may he replaced by solid nodules, or musses of deeply stained 
fibrous tissue. Chronic bronchitis and emphysema are the charact eristic 
clinical sequences. The familiar ‘‘miners’ consumption” is anatomically 
a pulmonary fibrosis. Til the lungs of a stone-cutter, forced to abandon 
his occupation on account of increasing dyspnea, the X-ray plate showed 
me dense shadows radiating from masses at tin* roots of the lungs, and 
involving the greater portion of the organs. There was no evidence of 
tuberculosis in this ease. Lungs so affected seem to lose much of their 
normal immunity against, bacterial infection. In the mining regions of 
Colorado it is not. uncommon to find superb athlete* suddenly succumbing 
to an intractable form of pulmonary tuberculosis. It is not improbable 
that, the high mortality from pneumonia witnessed in similar districts 
is likewise associated with dust inhalation. The intimate etTeci of in- 
organic inclusions on the vital resistance of the lungs is emphasized by 
»I. M. Anders (2), who quotes jScuriield’s observations on occupation, mor- 
tality in Sheffield; the death rate of “grinders from phthisis is more than 
six times, and the death rate from other respiratory diseases nearly three 
times, that of the average mule; while the death rate of cutlers from 
phthisis is nearly three times, and from other respiratory diseases nearly 
four times, that of the average male/’ The quality of the foreign matter 
inhaled seems not to be indifferent; thus, according to Osier (32), coal 
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miners are not especially subject to phthisis. In his experiments on dust 
Tyndall (43) found the air exhaled toward the end of expiration to be 
free from solid particles, a fact significant of the amount of dust that 
must be retained. In manufacturing centers the smoke from burning 
coal, composed chiefly of carbonaceous particles with a considerable con- 
tent of C0 2 and S0 2 , probably has important relations to the public 
health. The sulphurous acid is especially irritating to the respiratory 
mucous membrane. Under the action of oxygen and moisture it becomes 
converted into sulphuric acid. F. W. Schaefer (39) calculates that there 
are daily discharged from chimneys into the air of London about 300 tons 
of soot, 90,000 tons of carbon dioxid, and 2,700 tons of sulphur dioxid.* 

These bodies are all much heavier than air and tend to settle. The 
solid particles, at least, form foci for the condensation of moisture, so 
that fogs, impregnated with the gases of combustion, are readily generated. 
Statistics show that morbidity and mortality from respiratory diseases are 
greatly increased during heavy fogs in manufacturing districts. It has 
been calculated that steel dust from the brake-shoes of moving trains for- 
merly permeated the air of the New York subway to the extent of one 
ton in a mile of the tunnel. The hygienic importance of this subject 
must be greatly enhanced when, to the inorganic dust, are acfdcd putres- 
cible substances and pathogenic microorganisms. Moreover, if the con- 
ception of atmospheric pollution is broadened to include not only inert 
suspensions, but the living insects which transport infectious matter, con- 
trol of the purity of the air must banish much of the disease which now 
afflicts mankind. Wind and rain are the natural purifiers of the air, as 
regards accidental contaminations. 

The Psychology of Climate. — The demonstration within the past half 
century that the law of the conservation of energy applies to the metab- 
olisms of the living body led to a mechanical view of vital processes which 
only incompletely represents the forces that control the human being. 
But the mental state is still refractory to mathematical exposition, and 
practical clinicians are turning back to that viewpoint of Life from which 
the mind is regarded as an ever-acting and often predominant energy in 
physiological processes. 

Military medical officers in foreign fields assert the disastrous influ- 
ence of nostalgia in patients afflicted with ailments which at home would 
be considered comparatively trifling. 

Madden (27) writes: “The Stagyrite, who knew all things and 
treated of them and some others, makes excellent observations on the in- 
dispensable necessity of serenity of mind, hopefulness, and even cheerful- 
ness, for health of soul or body.” When the change of climatic stimuli 
relieves ennui, awakens an interest in Nature, or excites zest for mental 

* The figures reported probably should be modified as the result of the application 
of smote consuming devices. 
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effort, it tends to produce that cheerful serenity »f wluYh Aristotle recog- 
nized the value. This phase of medical climatology is as pervading as it 
is elusive of analysis ; the principles of climatic treatment arc founded on 
psychology as well as physiology. 


Tins Classification of Climates 

This difficult subject, lias been treated by Dr. W. F. R. Phillips (JIG) 
in a comprehensive table, of which tin 4 following is a copy: 


The Classification of Climates 


Classification 

basis 

Subdivisions under 
clntMifieution 

General characteristics of each 
subdivision 


Tropical 

Usually mild, equable, moist, warm, average 
temperature 80° F. Rainfall frequent and 
heavy over water and over windward land 
exposures. Nights usually clear, afternoons 



cloudy. No general storms. .Seasons rainy 
and dry; but this division is only a relative 
one. 

Solar or 

Temperate 

Unsettled weather, great and variable changes 

Astronomical 


in temperature, rainfall and moisture from 
season to season and day to day. Region 
of cyclonic, storms, cold and hot waves, 
floods and droughts. 


Arctic 

Cold; temperature on average considerably 
below freezing. Scanty rainfall. Very short 
but hot summer. Winter long and severe. 
Storms infrequent. 


Continental 

High temperature in day time, low at. night. 
Difference between day and night tempera- 
tures increases toward center of continent.. 
Great variations in temperature, sometimes 
hot, sometimes cold. Moisture variable 
from almost saturation to aridity. Rainfall 
subject, to great, variations and extremes. 

Geographical 


General tendency to extremes in all climatic 
elements. 


Oceanic 

Temperature equable, range between day and 
night hardly exceeds 2° t o -1° F. in mid-ocean. 
Moisture high but constant. Rainfall fre- 
quent.. 


Insular and littoral . . 

Intermediate between above, partaking more 
or leas of the characteristics of one or the 
other. 
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The Classification of Climates — Continued 


Classification 

basis 

Subdivisions under 
classification 

General characteristics of each 
subdivision 



Extremes of temperature great, rainfall un- 
certain, humidity low. 

Extremes of temperature less than plain, rain- 
fall greater, humidity higher. 

Generally same as hill, except effects of altitude 
become more evident; rainfall increases up 
to about 5000 ft. then decreases. 

Extremes of temperature greater than hill. 
Humidity greater; rainfall greater than 
plain. 

Rainless; great extremes of temperature be- 
tween night and day and season and season. 

Such as climateB of large cities. Temperature 
of cities always higher than surrounding 
country. Haze, cloud and fog more fre- 
quent. 

Topographical 

(land) 

Hill 

Mountain 

Desert 



Aerophysicai 

Temperature 

High ] 

Intermediate. 

According to the degree of 

- heat adopted as the stan- 
dard of comparison. 

According to the standard 

- of humidity adopted. 

Humidity 

Damp or moist, j 
Intermediate. . 
Dry or arid . . J 



Physiological 

Invigorating 

Relaxing - 

Rigorous, etc 

Pleasant. . . . . I 

Humid | 

Disagreeable, etc . J 

According to the general effects of the particu- 
lar climate. 

According to the general sensations produced, 
etc. 


The foregoing table illustrates the fact that climatic characters may 
be grouped around various points of view. The therapeutist conceives 
the climatic conditions likely to be remedial for his patient, and tries to 
select them in some definite place, with due regard to local medical and 
sociological advantages. There is no lack of excellent climatic guide- 
books of descriptive medical topography. 


The Application of Climate’ to the Treatment of Disease 

It would seem, at first sight, easy to determine from empirical ob- 
servation the climatic conditions remedial for various pathological states. 
But experience shows that benefits which had apparently been originally 
20 a 
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derived from the climate of some definite legality finally ceased lo re- 
ward the seekers of health; so that factors other than those of climate 
were brought into consideration. Resorts for the tuberculous, for example, 
that once seemed salutary, have time and again developed into hotbeds of 
the disease. No fair estimate of the physiological influence of the trop- 
ics, for example*, can he* made until infections incidental h> the* hot zone 
are under sanitary control. In short, the causes of disease must bo un- 
derstood before a scientific application of climatic therapeuties can be 
hoped for. 

Again, unnecessary obscurity has been thrown round tin* subject of 
physiological climatology by the frequent failure to recognize that, in 
every place, many of the physical factors of climate arc subject to imme- 
diate artificial change, to a degree which it would require long journeys 
to realize by geographical means. Temperature, humidity, air movement, 
insolation, are largely subject to artificial regulation. 

The one disease the treatment of which inevitably involves a consider- 
ation of climatology is 

Tuberculosis. — When the pathogenic organism of tuberculosis was 
discovered, Hie last, doubt was removed as to the reason why resorts which 
originally seemed favorable to recovery from the disease* mi often proved 
later to be danger spots for its acquisition. 

Pdcv the claims for the remedial powers of tuberculin, the years have 
yielded but one indispensable agent in the prevention and curt* of tuber- 
culosis — tlu* open air. It- is curious how little the crudity of this clinical 
finding lias been refined. We have* been at a loss for deiiuite explanation 
of the hvgienie virtues of open as compared with dosed air. Referring 
to a preceding discussion on tin* physiology of ventilation, the contention 
of Fliiggo seems sustained, that the morbid sensations through which we 
recognize the impurity of respired air are not due directly to acquired 
chemical properties of the* air, but to the irritation of certain sensory 
nerves of the skin brought about by a rise* of temperature combined with 
a high degree of relative humidity. Tin* nerves specifically concerned 
in these sensations would seem lo hi* those delegated to temperature sen- 
sations; moreover, in the clothed subject, the skin of exposed parts, tho 
head, neck, hands, wrists, possibly tlu* lining of the nasal canal, would 
seem to be of relatively paramount importance. In explaining llu* main- 
tenance of a constant Iwidv temperature under wide thermal variations of 
the air, we find no difficulty in ascribing profound alterations in metab- 
olism to stimuli arising in the* temperature nerves of the skin. From 
the same point of view the suggestion is obvious that the sensations of 
comfort or discomfort aroused in “good" nr “had" air are but incomplete 
conscious expressions of tissue reactions which determine the molecular 
efficiency of tin* machine, and incidentally regulate the production of sub- 
stances protective against disease. While heat and humidity art* of prt*- 
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dominant importance in the excitement of cutaneous sensations leading 
to feelings of well- or ill-being, it would be a too narrow view which would 
restrict to the action of these physical agents the multifarious sensory im- 
pulses, largely operating through the consciousness of pleasure and pain, 
through which the metabolisms of the body are, I venture to believe, largely 
ordered. 

Thus “Nature,” through visual and auditory impressions, especially, 
tends to generate what might be called an esthetic state, which is a po- 
tent addition to that mental atmosphere which favors recovery from 
tuberculosis. 

It is worth while, in passing, to point out that the response of the 
body to the manipulations of hydrotherapy is, in large measure, but a 
demonstration of the physiologic influence of temperature and moisture 
on cutaneous sensations. 

These reflections point to a physical basis for the known physiological 
effects of life in the open, and make it conceivable that all the advantages 
of such an environment might be secured indoors under artificial regula- 
tion of temperature, humidity, air movement, illumination, and other 
factors, physiologic and psychic, which enter the play of the outside 
climate. 

In short, the facts point to the conclusion that the “resistance pow- 
ers” of the body, aside from those specific immunities developed in re- 
sponse to substances in the circulation, are developed as reactions to affer- 
ent nerve impulses, or sensory impressions, which spring for the most 
part from the cutaneous surface.* 

The victim of pulmonary tuberculosis, thrilled with sickening chills 
along his spine, is prone to huddle over a stove in a closed chamber, or 
to seek relief in a land of perpetual summer. But practical clinicians 
have long since found that recovery from the infection is apt to be fur- 
thered rather in a somewhat variable and rigorous than in an equable 
climate ; and it is the general testimony from health resorts that patients 
commonly do better in winter than in summer. It is profoundly signifi- 
cant that the same patient who, left to his own devices, had dreaded a 
fall of air temperature below 72° E., under proper therapeutic control 
learns to rejoice in the crisp, freezing air of a northern winter. His 
point of view has been so altered by training, that his feelings of pleasure 
and pain resume their normal function as sentinels to conserve his well- 
being. He breaks the vicious circle in which a morbid sensation led to a 
hurtful act. 

Eor the specific indications for the application of the open-air treat- 
ment in pulmonary tuberculosis see Vol. II, Sec. I, Chapter XXV. 

* There is an analogy between the action of these trophic afferent impulses and that 
of the biocliemic antigens which stimulate the tissues to produce immune bodies. Gf. 
the suggestive paper by Grile (10). 
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Whon the* conception obtained currency that, the open air was the 
most salutary environment for the consumptive, a tendency was mani- 
fested by certain phtliisiogra pliers to estimate, as of equal therapeutic 
value, all open air, and to decry the hitherto assumed virtues of climatic 
change. While admitting that the climate of the hack yard was more 
remedial for the tuberculous than the climate of the adjoining kitchen, 
they wovdd not grant that, a still greater deviation in meteorologie con- 
ditions to be found in distant resorts could have healing virtues in ex- 
eess of those to he found on a city lot. This question can only he decided 
empirically; hut llu* Reason cannot hut he impressed with the physio- 
logical facts of climate, such, e. g., as the specific stimulation of the blood- 
forming organs, of tissue proteid assimilation, etc., which occur in mod- 
erately high altitudes. The unbiased mind must grant, at least, that, 
every climatic complex operates for or against, the recovery of a consump- 
tive in proportion as it excites conservative or destructive physiological re- 
actions. The impression has gained ground that a cure of tuberculosis at. 
high altitudes leaves the patient, especially liable to relapse, or to again 
contract the disease, on returning to lower levels. Tt. is probable that, the 
only truth behind this belief is the fact that, many eases of arrested pul- 
monary disease can pursue a useful life under certain favorable conditions 
and no others. The tendency of persons returning home, after achieving 
arrest of their disease, is to abandon the hygienic methods to which they 
owed improvement. It is also true that the temperament and constitu- 
tion of one who has harlmrcd tuberculosis oft limes demand the stim- 
ulating conditions of high altitude to maintain a feeling of well-being, 
which of itself must be a powerful aid to the resistance powers. The 
body is probably vastly more sensitive to the influence of environment, 
and is subject to a wider variety of physical stimuli than we have any 
idea of. An experimental analogy for this position is offered by the ex- 
ceedingly suggestive results obtained by Reid Hunt (2(»), in his investiga- 
tion of the “Effects of a restricted diet and of various diets upon the 
resistance of animals to certain poisons. 11 lie found that the resistance 
of some animals to certain poisons may he increased forty- fob I by changes 
in diet ; the converse effect may follow an appropriate dietary. The re- 
sistance of animals to the poison investigated was apparently directly 
related to certain internal secretions, particularly that of tin* thyroid 
gland, whose production is modified by diet. “Season has an important, 
effect upon the resistance of animals to certain poisons; in some cases 
these effects seem to depend upon seasonable variations in the activity 
of the thyroid, 11 

Tn an essay like this only general relations of climate to special dis- 
eases can be touched upon. The works of Iluggard (25), Solly ('*12), and 
others must he consulted for details. 

Anemia, — Efficient operation of the blood-forming organs is a funda- 
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uu'irfal requirement for health. Aside from the specific effect of infec- 
tions, the state of the blood has a very direct relation to climatic environ- 
ment. Residence in the tropics seems to induce anemia, whereas re- 
moval to an invigorating climate restores the blood. The work of Zuntz, 
Haldane, and others, on high altitude physiology, seems to demonstrate 
that the diminution of oxygen tension in the air specifically stimulates 
the bone marrow, and probably other sites of blood formation, to exces- 
sive activity. 

Therefore, even at moderate elevations of 3,000 to 5,000 feet, the red 
blood count and the hemoglobin percentage exceed those of people at 
sea level. At high altitudes health demands a proportionate increase of 
hemoglobin and red corpuscles. In somewhat crude clinical observations 
at Denver, one mile above sea level, I have been accustomed to find dis- 
orders attributable to anemia in patients whose hemoglobin percentage 
ranged as high as 70 per cent, to 85 per cent. 

Gout. — Gout and lithemie states are due to conditions of metabolism 
and circulation which are modified by climatic treatment. According to 
Huggard, “a dry, bracing climate is always most suitable.” Neverthe- 
less, the writer is convinced that a characteristic effect of residence in 
high altitudes, at least in the unacclimated, is a relative venous plethora. 
High venous blood pressure, according to good authority, leads to gout. 
Newcomers in moderately high altitudes, particularly if indiscreet in 
exercise, are apt to suffer from “bilious attacks” as a phase in acclimatiza- 
tion. 

Rheumatoid Diseases. — Painful affections of the connective tissues 
grouped under the term “rheumatoid diseases” are common in high 
altitudes; their iucidenee probably bears an inverse proportion to 
the metabolic reactive power of the individual. On the contrary, 
acute articular rheumatism is orobably much less frequent than at sea 
level. 

Respiratory Affections. — Catarrhal conditions and bronchitis , as a 
rule, are most favorably influenced in a climate of moderate humidity. 
Newcomers in Rocky Mountain resorts habitually complain of irritative 
symptoms, which are clue to drying of the mucous membranes. 

Tuberculous laryngitis and other organic respiratory affections, though 
primarily contraindicating very dry air, not uncommonly in elevated 
regions find amelioration in the establishment of a general improvement 
in well-being. Theory and experience as a whole agree in the teaching 
that the mortality from lobar ‘pneumonia increases in very high altitudes. 
Nevertheless, practitioners in moderately elevated regions will probably 
agree with J. N. Hall (16), who, from a wide experience, concludes: 
“I believe from this study that the mortality of acute pneumonia is not 
materially affected by altitude until one passes beyond an elevation of 
6,000 or 7,000 feet.” 
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Certainly the pneumonia morbidity and mortality in Denver an; not 
in excess of those ftu* tin* same disease at sou level. 

Olio of the* most curious of clinical experience** with "bronchial 
asthma’ is the frequent complete relief aifonleil at elevations of a mile 
or so above sen level. On the contrary, the subjects of emphysema are 
not apt to do well. 

Heart Diseases. — Heart diseases are benefited or made worse in high 
altitudes, in proportion to the power of the heart to respond to excessive 
demands upon it, and thus increase 1 its range of accommodation. 

The prescription of "mountain climbing" in the treatment of chronic 
heart disease has a sound physiological basis. Nevertheless, when a physi- 
cian at an elevated resort, finds it difficult to restore a broken compensa- 
tion, lie desires above all things to see* his patient, transported to a lower 
level. 

While the hotly is at rest, the mechanical conditions of the circulation 
art* practically identical through a with* range of elevation above the sea; 
but the demands of muscular exertion call for an increase of cardiac ac- 
tivity which is excessive in proportion to the altitude. Acclimatization, 
or training, greatly expands the limits through which the heart can ad- 
just itself without overstrain. 

R. II. Babcock (d) is probably correct in his assumption that, the 
condition of mitral stenosis is one which, for mechanical reasons, (spe- 
cially contraindicates high altitudes. Nevertheless, in Denver, for exam- 
ple, many persons with stenosis of the mitral valve live in comfort. Nerv- 
ous affections of the heart, appear to be bettered or otherwise, in high 
altitudes, according to the general reactive powers of the patients. 

There seems no reason for believing that, in patients who lead a quiet, 
life, arteriosclerosis contraindicates residence in high altitudes. How- 
ever, it appears that aneurysm and mortality therefrom are considerably 
greater at high than at low elevations (11). 

Disorders of Digestion. — In tin* writer's estimation, climate is indi- 
rectly of importance in its impress on the digestive functions through 
its effect on the metabolic and nervous systems. 

"When the general condition of a patient improves, digestion is likely 
to take on normal activity, and rice versa. 

Especially in high altitudes, a "nervous dyspepsia" is apt to reflect, 
imperfect, adjustment to the environment; and a “bilious attack," which 
the writer has attributed to relative venous engorgement, frequently at- 
tends tin* process of acclimatization. 

Skm Diseases. — Great importance has been attributed in tbe foregoing 
pages to the physiological functions * »F tin* skin. There is no organ of 
the body which comes so directly under the influence of climate as the 
skin, yet then* appears to he but a meager collet*! ion of data regarding 
the subject, either in health or disease. Cases of eczema , at least in its 
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acute form, are said to do badly on tlie seashore, and in cold, damp 
weather. Acne is also made worse on tlie coast, and is apt to improve in 
dry inland stations. Cases with psoriasis do better in a warm climate. 

It has been said that at high altitudes those cases do worse in which 
the skin disease depends on nervous derangement. 

Disorders of the Kidneys. — It is generally admitted that the chief ob- 
ject to he secured in the treatment of kidney disease is rest for the organ. 
The potent factors within our control include diet, muscular exercise, 
and the activities of the skin and lungs. Experience indicates that pa- 
tients with disordered kidneys fare worst in cold, damp places of variable 
temperature. They thrive best in warm, equable, and somewhat dry 
climates. There is substantial basis for the opinion that persons with 
inflamed or degenerated kidneys are apt to fare badly at high altitudes. 
In my experience, disease contracted at an elevation is better borne than 
when imported. It is difficult to acclimatize a diseased kidney. 

The medical observer is impressed with the paramount importance of 
the circulation in renal insufficiency. Clinical experience has impressed 
me with the belief that passive congestion of the kidneys is the prepon- 
derant deleterious factor due to the conditions of high altitude. The 
subject, however, is a very complex one. There is reason to believe that 
certain forms and stages of kidney disease, as of heart disease, are dis- 
tinctly ameliorated by a judicious mode of life at a moderately high 
altitude. 

The Nervous System. — Special emphasis has been laid in the preced- 
ing pages on the purely psychic value of climatic change. The mental 
state is molded to a great degree by the reactions occurring in the vari- 
ous organs, among which the nervous system is of predominant impor- 
tance. “Climates may affect the nervous system either directly or in- 
directly through their influence on metabolism in its widest sense. Using 
the rather indefinite terms in vogue, climates may be relaxing , sedative , 
or stimulating in their influence. When nutrition is improved and a 
state of well-being secured, the qualifying term tonic may be added. 
Thus, warm, moist coasts or islands are sedative to relaxing. On ocean 
voyages or cooler coasts the prevailing influence is tonic-sedative. Inland 
places of low altitudes are usually simply tonic in effect. Elevated in- 
land regions are stimulating-tonic or simply stimulating” (40). 

It has been made obvious that the physiological influence of high al- 
titudes tends to increase the chemical activity of certain vital tissues. 
At moderate elevations, 4,000 to 6,000 feet, laying on of proteid tissue, 
building up of the organs, and improvement in their efficiency tend to 
occur. With further increase of elevation katabolic processes gain ascen- 
dancy, and it is as if the machine suffered from internal friction. It 
cannot be too strongly emphasized that physiological adjustment to lowered 
barometric pressure requires time and rest. Imprudence in exercise on 
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lu* part of newcomers is prone to turn a sojourn which might have l>een 
alutary into a period of nervous overstrain. Constitution and tempera- 
nent determine, to an extraordinary degree, the fitness of people for 
•csideuce in elevated regions. Persons of phlegmat ic disposition, or those 
vho are nervous from malnutrition or overwork, are apt to do well at high 
It it lidos. Tin* hysterical and those with inherent nervous temperaments 
►ften find their disorders aeecnl uated. N evert hclcss, (lie medieal oh- 
erver is often astonished at the development of nervous stability in pa- 
ients wliom, from a theoretical viewpoint, lu* would have advised against 
eeking a high altitude. The general belief that an occasional drop to 
ca level is necessary to the best interests of residents at high altitudes is 
wobably well founded. Differences in temperament and constitution, 
vliich become especially conspicuous under the strain of low atmospheric 
wessons no doubt determine, in a less sensible degree, the adaptability 
>f people to other eliumlie conditions. 

Thus, though we may not accept, fully Major Woodruff's dictum that 
11 the tropics, or brilliant sunlight, fair-skinned persons always dclcrio- 
ate in health, as compared with brunettes, it is nevertheless true that 
udividual as well as racial characters determine to a large degree the 
idaptability of climates to the preservation of health and the euro of 
license. 
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CHAPTER VI 
MASSAGE AND GYMNASTICS 
Charles G. Taylor 

MASSAGE 

The term massage (of Greek derivation, meaning “to knead”) was 
first used by the French to designate a systematic method of manipulat- 
ing the tissues of the body for therapeutic purposes, such as modifying 
nutrition, breaking up adhesions, etc. This form of mechanotherapy 
has been used to combat morbid conditions of the body by the different 
races of the world for more than three thousand years. The Chinese 
were probably among the first to employ it, and it is extensively practiced 
by them to-day. In Japan the art is practiced largely by blind men, 
who, in spite of their infirmity, are very skilful operators. They are 
frequently summoned as they pass through the streets at night, making 
their presence known by a weird whistle. The ancient Greeks and Ro- 
mans employed massage in connection with their famous baths. Hip- 
pocrates advocated its use, and in his works can be found references to its 
value as a therapeutic agent. Many other noted ancient physicians used 
it in one form or another, with marked success. The Hindoos and Per- 
sians were among the earliest races to recognize its value, and they are 
very apt in practicing it. Massage has only been used on the Euro- 
pean continent for probably three hundred years, and then first in France. 
About one hundred years later it was recognized and adopted by tbe 
Germans, and then in England. The high degree of perfection to which 
the art has been developed we owe largely to the excellent work done by 
Ling of Sweden, Mezger of Amsterdam, and his pupils, von Mosengeil, 
Berghman, and Helled e t y. 

It is only within the past twenty-five to thirty years that massage 
has been employed to any great extent in this country. For a long time 
the medical profession generally looked upon it as being of doubtful 
utility, and by many it was thought to he practiced only by charlatans 
and quacks. Unfortunately, this attitude did much to delay its develop- 
ment here. Dr. S. Weir Mitchell was among the first men. in the United 
States to advocate its employment. Hot until the introduction of his 
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famous rest curi', and tlu* demonstration of the value 1 of massage as an 
essential feature* of it, was the* subject given any serious consideration 
by the great majority of the medical men in the* country. Dr. d. II. Kel- 
logg has also done a great deal to encourage the intelligent employment 
of the art on this side, being the author of one of the best texts in Fng- 
lisli on the subjeet. 

At the present time massage is a well recognized therapeutic measure, 
.and lias proven valuable not only in combating certain nutritional dis- 
orders, but. also in some surgical eases. This applies to the treatment, of 
fractures and to certain post-operative cusc*. When employed in con- 
nection with systematic exercises it is of value in the treatment, of cer- 
tain deformities, such as ilat-foot, round shoulders, scoliosis, ankylosed 
joints, and contractures. 

In order to become a successful masseur, or masseuse, it is absolute- 
ly necessary to have a practical knowledge of anatomy and physiology. 
Without these the procedure becomes mu* of simply rubbing the laxly at 
random, and the most satisfactory results cannot lie expected* The oper- 
ator should possess certain qualities of touch and gentleness which will 
enable him to manipulate* the soft parts and joints without bruising 
the tissues or causing the patient the slightest discomfort. It is essen- 
tial 1 lint he have a strong, healthy body to withstand the exhausting char- 
acter of liis work. 


Technique of Maksacjm 

Since it is the chief purpose of this article to otter to the physician 
the indications for the employment of massage, only such details id* the 
technique will he covered as will enable him to become familiar with the 
nature of the treatment, his patient, is to receive, and in a measure to 
judge the efficiency of his operator. For a more elaborate treatment 
of the subject the reader is referred to one of tlx* larger texts. 

The time devoted to massage of the entire body Dtould depend upon 
the strength of the* patient and the reaction produced. In delicate women 
it is usually best to begin with one-half hour and gradually increase a 
little each day. Ordinarily, however, one hour should be allotted for a 
thorough general treatment, the time devoted to the different parts be- 
ing as follows: upper extremities, 15 minutes; lower extremities, 'JO min- 
utes; trunk, JO minutes; head and neck, .*» minutes. The time given to 
local treatments will, of course, depend upon tin* nature and location of 
the condition to he treated and the object in view. For general massage 
an hour should he selected midway between tlu* meal hours, or as nearly 
as is practical, and, following the treatment, the patient should remain 
in a darkened room for from fortv-tive minutes to an hour, to encourage 
rest and relaxation. 
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During tiie treatment tlie room should, he well ventilated with a tem- 
perature of 65° to 70 ° E. The patient should lie between the folds of a 
light blanket, having first removed all articles of clothing’. The utmost 
care should be taken to see that only such parts of the body are exposed 
as are under treatment at the moment. In order to avoid any irrita- 
tion of hairy surfaces, the part should be lightly lubricated with cocoa 
butter, or vaselin, or other such substances. The operator starts with the 
feet and toes, and gradually works up the leg and thigh to the trunk, 
completing one limb before the other is commenced. Next the hands, 
forearms, and arms are treated, then the muscles of the back, the abdo- 
men, the chest, neck, and head, in the order named. Ordinarily the 
face is not treated in general massage. The various procedures of manip- 
ulating the tissues as outlined below are used, first one and then another. 

Inasmuch as joint movements constitute a part of the procedure in 
a general treatment, they will be considered here, although they are not, 
strictly speaking, a part of massage proper. 

The manipulations employed consist of: 

1. Stroking and friction. 

2. Kneading. 

3. Vibration. 

4. Percussion. 

5. Joint movements. 

Stroking and Friction. — In the performance of these movements 
Eig. 1) the operator uses the tips of the fingers, the thumb, or the entire 



Pig. 1. — Stroking. 


palmar surface of the fingers and hand. The chief difference between 
stroking and friction lies in the degree of pressure applied. In stroking 
only very light pressure is used, sometimes even less than the weight of 
ihe hand, while in friction varying degrees are applied, depending upon 
the part and condition to he ireated. Generally speaking, the direction 
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of flu* movements in stroking, in relation to the* blood current, should he 
centrifugal, while* in fric*t.i«>n they should he* llu* reverse, nr centripetal. 



Kits. 2. — Khictiun to tiik Hack 


There are several methods of employing friction, the one* selected depend- 
ing upon the part to he treated and the object in view (Figs. 2 and o). 



Fits. a. — D icks* Kkictjon to Aiiuomi.x. 


Kneading. — As one might inter from the* term, kneading ( Figs. 4 
and 5) is the* nmsl important manipulation employed in massage. It con- 
sists of rhythmical compressions and relaxations e»f the M>ft parts, at the 
same* time rubbing them together much as a baker kneads dough. It may 
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be either superficial or deep in character, some parts of the body requiring 
only the use of the finger tips, so-called “digital kneading,” or, if a 



Fig. 4. — Kneading. 


fleshy part is under treatment, the entire hand is brought into play, 
“palmar kneading.” The skin and underlying structures are firmly but 



Fig. 5. — Kneading Back Muscles. 


gently grasped in such a manner as to affect, primarily, the deeper struc- 
tures and not the skiu, as in stroking. 

Vibration. — This consists of fine vibratory movements transmitted to 
the body of the patient by a rapid, shaking movement from the arm of 
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tilt* operator. Vibration may lu* superficial or deep, and may bo com- 
municated 1o the subjeet by moans of the fingers, the knuckles, or the 
palmar surface of the hands. Generally speaking, a very rapid vibra- 
tion is most. efficacious, and it usually requires a paid deal of skill on 
tbt* part of the operator. 

Percussion. — Permission moans simply the imparting of carefully 
graduated blows to the body of the patient. This may be done in many 
different ways: by using the finger tips; the inner border of the bands 
with the fingers either apart or hold together ( Fig. fl) ; with the list half 



Flu. U. — Pkkcuhhion. 


closed; by using the palmar surface of the hand; either flat, or held in 
a concave or cup-shaped manner, so-ealled chipping or slapping. The 
degree of force used will depend upon tin 1 particular method employed 
and the. part under treatment. Tin* greatest care should lu* used to avoid 
bruising the tissues. The operator should permit of absolutely free 
movement of the wrist joint, in order to deliver a flexible, springy blow. 

Joint Movements. — Skilfully directed movements of the joints of the 
body, whether performed hv the patient (active) or by the operator (pas- 
sive), afford a valuable method of exercising, not only the tissues im- 
mediately concerned in the structure of the joint, hut also the muscle* and 
tendons attaehed to and in close proximity to it. The movements em- 
ployed may he any one, or all, of those which the structure of the joint 
will permit. These may include extension, flexion, adduction, abduction, 
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circumduction, and stretching. Active movements may be resisted by the 
operator, or passive movements may be resisted by the patient, in either 



Fig. 7. — Passive Movements of Ankle Joint. 


case exercising to a marked degree the muscles involved. An elaboration 
of Hi o former constitutes the foundation of the Schott exercises for certain 
cardiac conditions. Simple passive movements, performed wholly by the 



Fig. 8. — Passive Movements of Shoulder Joint. 
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opei*ator and without any effort on the part of tin* patient, e*on<*eni ehioflv 
the structures of the joint and to a leaser degree the surrounding tendons 
and museulature (Figs. 7 ami S). 

1 All movements should he synchronous with inspiration and expira- 
tion. — Fditor. J 


Physiological Kkkkotk ok Massaok 

Massage exercises a local, or mechanical, and a general, or dynamic, 
influence upon the human body. As the hand of the operator manipu- 
lates the tissues, the hlood and lymph currents are accelerated even in 
the tinest capillaries and smallest lymph spaces, and thus local stasis is 
relieved, and the chemical changes incident to anabolism and catabolism 
are encouraged. It therefore follow* that the condition of the tissues 
locally is improved; the gland* of the skin become more active, while the 
underlying muscular tissue improves in tone and develops more rapidly 
as a re, suit of the increa.sed amount of nutrition convoyed to these parts 
by tin* blood and lymph. There is likewise a nutritional iulluonce exerted 
upon the fine terminal nerve filaments, which an* rendered more capable 
of receiving and transmitting impulses. I )y means of the afferent, nerve 
fibers, connected with the cerebrospinal and sympathetic systems, bene- 
ficial effects an* produced upon related centers in a reflex manner, so that 
flit 1 entire bodily economy is improved. Massage favorably influences the 
circulatory and tlu* respiratory systems; thus the ingestion of oxygen and 
the output of carbon dioxid gas are increased. 

Effect Upon the Circulatory Apparatus and the Blood. The rapidity 
and force of the heart, beat are increased by general mas*age, and there 
is u slight temporary elevation of tin* blood pressure. When abdominal 
massage alone is given the heart beat becomes slower and more full, 'rids 
is due to the fact that the infraabdoininal pressure i* increased us a re- 
sult of stimulation of the vasoconstrictors of the abdominal \e--el*, and 
to stimulation of the abdominal muscles, two factors which serve to put 
a large* par! of the blood, always present in these parts, into the general 
circulation. The blood pressure is, therefore, elevated to a more marked 
degree, and is more permanent than when the entire body is treated, aiul 
the vessels of the other parts of tlu* hotly art* subjected to the same stim- 
ulating influences as those of the abdominal cavity. When general mas- 
sage* is given the superficial vessels of the extremities dilate ami the blood 
rushes to tin* skin, producing an active* hyperemia. 'Flu* larger vessels 
in tin* deeper tissues share* equally with those of the abdominal cavity in 
the stimulating effect derives!, but the* smaller vesseds of tin* periphery 
take* up the* large* amount of hlood that would otherwise* produce a more* 
marked acceleration of tlu* pulse* anel <*h*vation of arterial pressure. 

In addition to the* increase'll activity of the circulatory apparatus, duo 
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to the mechanical effect of manipulating the tissues, there is also a greater 
demand for the removal of waste products resulting from the increased 
oxidation as in exercise, and the blood is hurried on to the kidneys, the 
lungs, and the skin, to eliminate its toxins and carry nutrition to the 
cells. 

As the passage of the blood through the vessels is augmented, the 
heart is reflexly stimulated. The myocardium receives its ration of 
nutriment and is rendered more capable of performing its function. Its 
contractions become strengthened and are rhythmical and full. 

When it is desired to relieve a congested condition of any of the 
internal organs, or of the brain, a great deal can frequently be accom- 
plished by treating the extremities. Eor instance, if one wishes to re- 
lieve the portal system of an abnormal amount of blood, massage of the 
lower, or of all four, extremities will favorably influence the circulation. 
With this object in view in a given case, it is best to use strobing, or very 
light friction , instead of the heavier procedures, as the former will dilate 
the superficial vessels without stimulating the deeper ones, and thus the 
blood is admitted to the outer recesses of the body and away from the site 
of the congestion. 

Another factor that influences the circulatory apparatus is the length- 
ened excursions of the diaphragm produced by the stimulating effect of 
massage. Hot only is the blood circulation augmented in this manner, 
but it has been definitely shown that the flow of lymph in the thoracic 
duct is increased. The effect of massage upon the lymph circulation is 
most marked, as the spaces which convey the lymph are particularly 
numerous in the subcutaneous tissues and between the muscles and Ihe 
various organs of the body; this renders them very accessible for me- 
chanical manipulation. The importance of stimulating the lymph flow 
is readily apparent when, we remember that it serves to carry away a 
great deal of the debris and the toxins of constantly dying cells. It has 
been definitely demonstrated by von Mosengeil, IToffinger, and others 
that the absorption of liquids in the peritoneum and in joints, etc., is 
profoundly influenced by massage. 

The effect of massage upon the composition of the blood is a very 
definite one. The number of red blood corpuscles in the circulation will 
be found to undergo a substantial increase within half an hour after a 
general treatment, and to persist for an hour or more. The oxygen- 
carrying capacity of the blood is thereby increased, as is the elimination 
of carbon dioxid gas. Upon first thought, one would naturally conclude 
that this increase in the number of cells in the periphery is due to the 
stimulating effect of massage upon the circulation, and that the additional 
cells come from the inner recesses of the body, particularly the spleen, 
liver, and long bones, where we know they are constantly stored in large 
quantities. This conclusion is, of course, a logical and correct one, but 
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there is also a definite influence produced upon tin* blood-making processes, 
as is clearly demonstrated by the permanent results obtained in certain 
anemic slates when massage is given regularly. The percentage of hemo- 
globin in the red cells is also increased. This is not a lily tin* east* in the 
treatment of chlorosis, where the deficiency in tin* coloring matter is 
the predominating feature of the pathological picture. Systematic mas- 
sage, together with proper hydro! hera pout ie methods, has proven of the 
greatest value in the treatment of this disease, and some authorities em- 
ploy it to the exclusion of all iron preparations. In any depraved con- 
dition of the blood, general body massage given regularly every day will 
exert, a markedly beuetieial effect upon both the hemoglobin and the cell 
content. 

The leukocytes of tin* blood are also increased by massage, and to 
a more marked degree proportionately, and with more* permanency, than 
Hit* red cells. The importance of this fad is at once obvious. Since we 
3 wive to depend to a great extent upon the phagocytic properties of the 
white cells to keep the body free from t he* attacks, of the constantly in- 
vading organisms, and to remove the debris of exudates, etc., any agent 
that will favorably influence their production must he of real value. 

Effect Upon the Respiratory Apparatus.- Massage affects tin* respi- 
ratory apparatus by increasing the depth of ihe respirations, and to n 
very slight degree by increasing the frequency of the respiratory move- 
ments. These changes may be said to he due to two factors: one, the 
stimulation of the diaphragm- -with Ihe resulting lengthened excursions 
— and of the muscles concerned in the respiratory movements of the chest, 
both directly and reilexly; and, two, the increased demand made upon 
the lungs for the interchange of gases in the blond stream, resulting from 
tin* greater activity of the circulatory apparatus ami the increased num- 
ber of erythrocytes in circulation. Any atelectatic areas in the lungs are 
encouraged to normal expansion, and when massage is employed in con- 
nect inn with deep breathing ami other exercises it prove** a most valu- 
able* adjunct in overcoming deformities of tin* chest. The* pulmonary 
vessels receive their ratio of nutriment from the blood, and the lung tis- 
sue* is strengthened. The millions of germs that an* constantly being 
inlmle*d arc combated by the increased mimhe*r of phagocytes present, and 
thus the resistive* force of the* body is raise* 1. 

Effect Upon the Nervous System.- There is probably no branch of 
medicine which offers so large* a field to massage, anti in which more 
satis! actorv results have been obtained, than in tin* treatment of nervous 
elisnrders. Its usefulness may he considered under two heads: one, as a 
general body tonic* and stimulant to muscular tissue; and, two, as a seda- 
tive. Since* the* skin and subcutaneous tissue* are abundantly supplied 
with tin* tine* terminal nerve fibers, it naturally follows that they are 
particularly susceptible to the inihicumes of massage. Receiving the 
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stimulating effects of manipulation, ancl tlie increased nutrition from the 
blood stream, they are not only benefited locally, but stimulating impulses 
are transmitted along the afferent fibers to the central neural apparatus, 
from which other parts of the body derive a share of the effects by way 
of the efferent paths. As a result of the influence produced upon the 
sympathetic system, the vasomotor apparatus is affected ; the superficial 
blood vessels dilate, and the hyperemia produced thereby increases the 
heat radiation from the body. In this manner the reat-regulating cen- 
ter is stimulated, and tlie body temperature is elevated. This effect upon 
the temperature of the body naturally promotes oxidation, so that every 
function is improved. 

Sedative effects are best produced by terminating the treatment with 
gentle stroking. This enhances the feeling of euphoria that should al- 
ways follow a general massage treatment, and the patient, other condi- 
tions permitting, will desire to sleep. In neuralgic conditions relief is 
frequently obtained by strong, rapid percussion. This procedure produces 
an anesthetic state of the nerve to which it is applied. 

Effect Upon the Abdominal Viscera. — The digestive and eliminative 
apparatus are the principal organs of the abdominal cavity to be influ- 
enced by massage. The stomach and intestines are stimulated to in- 
creased activity, and their functions improved in three different ways. 
First, the muscular tissue of the walls is stimulated, and the peristaltic 
movements increased, so that tlieir contents are moved along and stasis is 
overcome or prevented. Second, the vasomotor control of the vessels is 
improved, the intraabdominal pressure is raised, and the large amount of 
blood in these parts is forced into the general circulation, returning from 
the lungs with renewed vitality, and thus improving the nutrition of the 
parts permanently. Third, the glandular activity of the stomach and 
small intestine is increased, so that the food particles are more readily 
and thoroughly digested, and in the large intestine a greater amount of 
fluid is mixed with the contents, so that the expulsion of waste products 
finally is augmented. The more abundant supply of blood promotes the 
absorption and assimilation of food. 

The liver, spleen, pancreas, and kidneys are all favorably influenced 
by abdominal massage, chiefly through the increase in the quantity and 
quality of the blood supply. The output of bile is increased both by the 
mechanical effects upon the gall-bladder and its ducts, and by the in- 
creased activity of the hepatic glands. The amount of glycogen released 
into the circulation is raised as a result of the increased oxidation going 
on in the body, and the liver makes greater demands upon the blood to 
supply fuel for its sugar metabolism. In congested conditions of this 
organ considerable relief is obtained by tlie stimulating effects produced 
upon the circulation. The spleen and pancreas are benefited in a similar 
manner, the cytogenic properties of the former being definitely influenced. 
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Effect Upon the Muscular and Skeletal Systems. — What has been said 
above in regard to the* tonifying effects of massage upon involuntary 
muscle and other tissues of the body as a result of the greater nutri- 
ment. dForded by the eireulation, applies equally uell to the voluntary 
muscular apparatus and to t lit* hones and ligaments. When systematically 
applied to an atrophied and poorl\ developed muscle there follows not, 
only marked improvement in its tone and contractile power, hut a very 
definite increase in its size. This is due in part to the stimulating ef- 
fects of the mechanical irritation upon the muscle tissue and its nerve 
terminals, hut ehietly to the increased nutriment carried to the parts 
and the removal of fatigue toxins and waste products. The latter phe- 
nomena explain the readiness with which soreness ami stiffness, result- 
ing from excessive exercise, are relieved by massage. Massage exercises 
a muscle and keeps it in proper condition without tin* expenditure of 
nervous cnerg\, lienee its value in the treatment of conditions in which 
it is desired to rest the nervous Mstein, at. the same time not permit ling 
deterioration of the muscles. 

Hi nee the medullary substance of the long hones is recognized as play- 
ing an important part in the production of red blood cells, il, is apparent 
that an increase in the* activity of the eireulation in t.he*c parts would 
augment this function, as well as improve the nutrition of the hone sub- 
stance itself. 


GYMNASTICS 

By gymnastics is meant systematic tissue exercise* as a result of mus- 
cular effort. It is obvious, then, that gymnastic exercise is a definite 
form of massage, compressing and stretching muscle groups, nerves, blood 
vessels, organs, etc., in a definite and systematic manner. 

Medical gymnastics were advocated and taught tiist hv Peter Ling in 
his school in Stockholm in lSlf>, and In his successor Brant ing is due the 
credit for having worked out a most satisfactory understanding of t he* 
physiology of the art. August and Theodore Schott, of Bail Nauheim, 
have elaborated eminently satisfactory methods of applying massage and 
gymnastics, particularly in the treatment of certain cardiovascular con- 
ditions. The “Schott movements" consist of carefully graduated re- 
sistant exercises given by a skilled operator, who offers resistance to the 
movements of the patient, to a degree indicated by the condition of the 
heart and voxels and the amount of work desired to he* placed upon the 
former. Those exercises will he taken up in detail later. The high de- 
irrco of ellicieney of gymnast irs as a therapeutic agency, particularly when 
combined with massage*, should commend them to more* extended usage*. 
It if' largely due to the* determined efforts of the* Swedes that we* have 
a system of gymnastics which is living applied with universal success to 



GYMNASTICS 


299 


the preservation and restoration of health. Credit should he given, how- 
ever, to the Germans and Americans for the proficiency to which the uses 
of medical gymnastics have been brought. The influence of gymnastics 
in the preservation of a properly functionating mind and body is plainly 
evidenced by the alertness of the rosy-cheeked and well-nourislied school 
child. The varied endeavors of the playful youngster are forms of gym- 
nastics which are essential to the growth and development of the body. 
By their rompings there is a general bodily massage which is a mate- 
rial aid to metabolism. There are deep inhalations of pure air, furnish- 
ing the necessary oxygen for the increased exchange of cell food and 
waste products. The latter are hurried along the venous capillary chan- 
nels and into the larger veins, thence to the lungs for expulsion. The 
physiological activity incident to this accelerated interchange of gases 
obviates physical and mental dulness, and the various organs of the 
body are enabled to discharge their duties under more favorable circum- 
stances. These natural gymnastic movements of the child are exercises 
of endurance rather than exercises of force, the principles of which should 
be incorporated in the application of gymnastics to pathological condi- 
tions. 

Gymnastic exercises as applied in the schools of the present day are 
productive of the greatest amount of good. Perhaps it is not too strong 
to state that hundreds of lives are saved yearly by school gymnastics, and 
many more are saved from invalidism, most notably by lessening the 
frequency of the various tuberculous infections, such as pulmonary tu- 
berculosis, Pott’s disease, tuberculous arthritis, and osteomyelitis, etc. By 
raising the resistive power of the body, it is likewise fortified against 
the acute infectious diseases. 

It should be constantly borne in mind that all exercises of endurance 
should he modified to the needs of each individual. The body weight 
is the best guide for this purpose. Exercises should he lessened in their 
vigorousness when there is a loss of weight, unless the object of such 
exercises is weight reduction, and increased when the body weight in- 
creases, provided the various physiological processes are properly func- 
tionating. 

As gymnastics are applicable for the insuring of the proper functional 
activity of the organs and processes of the body in health, so they are, 
when skilfully modified, applicable for the improvement of function in 
pathological conditions. They are exercises of endurance, beginning in 
a very mild way and gradually adding more effort, that have the greatest 
general tonic effect ; while exercises of skill have to do chiefly with the 
training and development of the nervous system. Efforts of strength 
rapidly develop muscular tissue. Exercises of force, as performed in a 
single act, have very slight influence upon the pulse, blood pressure, or 
respiration. If the act is repeated often, or if it is an act of continuous 
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muscular effort, as in lifting, the influence will he wrv great upon the 
cardiovascular ami pulmonic systems, 

"Exercises which arc applicable in the restoration of health arc mocli- 
lications of tliosc \vhh*h arc employed for the preservation thereof. The 
decree of mod i lical ion necessary will depend upon the strength of the 
individual and (lit 1 condition to be overcome. In -nine pathological condi- 
tion* there ma\ he no, or oidy vc*rv *sl ii>'li1 , change advisable from the 
exercises which are heM suited in t*oiulitions of health. 

Gymnast ie exercises should he divided into two main groups: those 
which are applicable in health, ami tho*,e which are applieahle in dis- 
ease. U\mnas| irs in health are best divided into: school exercises, gym- 
nasium exercises, and held exercises. In diseased conditions Ihe exer- 
cises em ployed should he such as will exert their beneticini elTe<‘1s upon 
the pathological condition to he combated, whether it he <d* the cardio- 
vascular system, the muscular s\stem, or tin* correction of a scoliosis; 
hence it is impractical to offer any definite clarification, and, therefore, 
each type of exercise will he treated indi\ iduallv. 

0 Y M N ASTH \S IX II K A l.T 1 1 

School Exercises. — School exercises should consist of breathing exer- 
cises, calisthenics, marching, dancing steps, and playground exercise's. 
Participants should he grouped according to tin* physical strength, and 
not according to ago or class work grading. Some ehihlreu arc Getter 
developed physically at the age id* twelve years than others are at iifteon, 
and a child of fourteen who is undeveloped could not perform tasks equal 
in physical effort to those performed hy the normal child of fourteen. 
Breathing exercises and calisthenics arc easily and beneficially ex- 
ecuted together. The pupils should he arranged in rows with ample room 
between each to permit of the free movement of arms ami legs. The 
room should he supplied with as much fresh air as the windows and doors 
will afford. The time for inhalation and exhalation on beginning should 
he about fifteen .seconds, gradually increasing the time a few seconds each 
day until, after considerable practice, mu* minute can he consumed in 
an act of inhalation, retention, and exhalation. This applies 1o pupils 
of normal development, who are tifteen sears of ago or older. For those 
under this age about half the time should be allotted to the exercise. All 
inhalation:* and exhalations should lit* executed evenly and slowly, and, 
while the lungs should he expanded to their fullest, capacity, the amount 
of air taken in should not In* suflioiont to cause discomfort. It is well 
to have the class make a certain number of simple body movements dur- 
ing' each respiratory act. These may consist of bending the body for- 
ward and backward and from side to side, or Hexiou and extension of the 
arms and logs, and of rotatory movements of the shoulder and hip joints. 
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Pot more detailed description of movements that may thus he employed 
see under “Diseases of the Respiratory System.” A great variety of 
exercises may be found by consulting those books devoted to this subject, 
a list of which is given at the conclusion of this article. 

Gymnasium and Field Exercises. — Gymnasium exercises consist of 
dumbbell, Indian club, and wand drills; pulley weight, horse, and bar 
exercises; rope and ladder work, rowing machine, and bag punching 
exercises; games, such as basketball, etc. These methods are designed 
to exercise, in a systematic manner, definite muscle groups, and are pre- 
scribed to develop certain parts of the body according to the needs of the 
individual case, or, when several or all of the different methods are em- 
ployed, they serve to strengthen and develop the entire body. Pield ex- 
ercises consist of outdoor games; baseball, football, tennis, etc.; track 
work, such as speed and endurance races, hurdle races; feats of sudden 
effort, as the pole vault, high jump, hammer throwing, shot put, etc. 
Needless to say, all exercises should be taken in the open air when pos- 
sible. In schools a good plan is to put the pupils through the daily calis- 
thenic exercises in the school yard just before they are released for the 
first recess, and just before going home. 

Gymnastics in Disease 

The application of gymnastics to pathological conditions is effected 
by muscular effort on the part of the patient, with or without resistive 
manipulations by an operator, and by mechanical appliances. The sub- 
ject of mechanotherapy will not be taken up in this consideration of gym- 
nastics, as it is a more highly specialized form of exercise and is treated 
elsewhere in this work. The methods of applying exercises to various 
pathological conditions will now he considered. 


THE APPLICATION OF MASSAGE AND GYMNASTICS TO 
PATHOLOGICAL CONDITIONS 

Flat Foot (pes planus), Round Shoulders, Scoliosis. — The reader is 
referred to works on orthopedic practice for the mechanical treatment of 
these conditions. 


Diseases oe the Circulation 

As would be expected, massage, which produces its effects mainly by 
means of the circulation, has a large and important province in the treat- 
ment of circulatory diseases. For indications see Vol. Ill, Sec. Ill, 
Chapter II. 
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The Schott exercises arc* slow, oven movements, resisted e\cnly and 
firmly by t lie* operator; these art* Followed by a short period of rest after 
eaeli exercise. I>v following tills rule enrefnlly any undue strain upon 
the heart is avoided. The* condition of the pulse should be frequently 
noted, at tirsf before and after each movement. Great care must be exer- 
cised in order that the patient does not become fatigued. There should 
be a feeling of freUiuess after each treatment : dul ness over the heart, 
and liver should gradually become les.-,, and the pulse slower and of 
better volume. A slight degree of palpitation or of dyspnea should be 
an indication for the discontinuance of the < xereises, and should serve to 
indieale tin* amount of exertion to be* employed at a subsequent treatment. 
Tin* following list of Schott movements art* those given by Thorne 
(/‘Schott Method of Treatment”)* quoted by McKenzie: 

1. Spread I lie* arms until they are in line at the level of the shoul- 
ders (Fig. b). Bring them together (Fig. 10). 

2. Flex the forearms (Fig. 11); extend the forearms (Fig. 12). 

d. Raise the arms sideways, palms upward (Fig, Id), until the 
thumbs touch above the head. Sideways lower (Fig. 1 1). 

4. Press together the knuckles of both hands with the lingers Hexed 
at. the second joint; raise the arms above the head (Fig. 15). Lower 
the arms to the starting point in front of the abdomen ( Fig. 10). 

15. Arms forward, raise vertically above the head (Fig. IT). For- 
ward lower (Fig. 18). 

0. Forward flexion of tin* trunk ( Fig. 10). Extension (Fig, 20). 

7. Trunk rotation to right and loft alternately. Keep up oven re- 
sistance, passing partially around him (Fig. 21). 

5. Flex the trunk to the right and left, alternately; straighten (Fig. 

22 ). 

0. This movement' is identical with exercise No. 2, except, that the 
lists are clenched (Figs. 11 and 12). 

10. This movement is the saint* as No. b, except, that, the arm is at 
the side (Figs. 11 and 12). 

11. Rotate the arms forward, upward, backward, and downward. 

12. Push both arms backward; draw them forward (Fig. 2H)* 

13. Flex the thigh with knee bent (Fig. 21); relax, extend the 
thigh (Fig. 25). 

14. Extend the leg and bring tins extended leg forward (Fig. 20). 
Draw the leg backward (Fig, 27). 

15. Flex the leg on thigh (Fig. 2* ) ; extend the leg (Fig. 2b). 

10. Abduct and adduct the leg (Fig. 00). 

17. Arms extended horizontally ; rotate forward and backward with 
resistance. 




Fig. 13 . — Exercise 3 . 
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18. Extern! the hand; Hex tin* ham! ( Fig’. HI). 

It). Extent! the foot; Ilex the fool ( Fig. -iii). 

Sntterthwaito has somewhat modified thc<e exercises, and lias arranged 
a scheme of detailed application for the tirst. two weeks, the second two 
weeks, the third, eh*. 

The Oertel exercises an* pedestrian exercises, and consist of walking 
on graded roads of increased steepness. A restriction of llnids is ad- 
vocated. They were formulated by Oertel, of Munich, in the treatment 
of liia own ease, which was one of dyspnea, cyanosis, and edema of the 
legs, following (la* gradual development of obesity. The treatment is 
essentially an athletic training, and is especially indicated as a preventive 
measure. It is beneficial in eases of obe<itv, and in circulatory condi- 
tions where compensation has been already established. In the applica- 
tion of this treatment the patient must always he made to sit down and 
rest short of fatigue. 

I ) is k asks ok Tin: Uksciuatokv S\stkm 

Massage and gymnastics have found a place in tin* treatment of pul- 
monary conditions through their circulatory and nutritional effects. For 
indications see Vol. Ill, See. II, Chapter IV. 

Urea thing exercises, however, piny the greatest part, in the therapeutics 
of massage of the respiratory apparatus, and most, of all are they ap- 
plicable as a prophylactic measure. These art* appropriately combined 
with gymnastics to heighten tin* effect. Such are (he calisthcnic exer- 
cises which have come to occupy a prominent part — -and deservedly so — 
in our public school training. They are respiratory gymnastics, and as 
such they take their place among general measures for physical develop- 
ment, and safeguards against disease. Decides this, breathing exercises 
play the most important, part in vocal training, and, while this may lx* 
one of tin* refinements of education, it nevertheless needs earnest con- 
sideration, especially in the light of the many major and minor speech 
defects which offer comparatively little resistance to early treatment. 
Thus, respiratory gymnastics may he divided into the same two groups 
as laxly gynmasties: the one group aiming to develop the organ physically 
by endurance, and the other functionally hv skill or control. It is to the 
former that we now turn in its application to pulmonary disease. 

The patient, in the sitting, hut preferably in the standing, position, 
assumes an erect posture; tin* chin well up to permit free flow of air 
through the upper respiratory passages; the shoulders held well hack to 
permit free and easy expansion of the ehcsl. All clothing which tends 
in tin* slightest to constrict the thorax and upper abdomen should he re- 
moved. The anus art* bent at an acute angle, with the hands (ulnar side* 
downward) lightly but firmly resting on the lower thoracic wall. The 
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patient is then directed to concentrate his attention upon the expansion 
of his chest, and particularly upon the chest movements under his hands. 
Before the inspiration is taken the expiration is carried to the extreme, 
the hands aiding this process hv pressing and const riel ing the underlying 
chest wall. Immediately upon the completion of expiration, inspiration 
begins. This talus place through the nose, and must be smoothly and 
gradually executed, the hands relaxing their pressure as the walls expand 
beneath them. Tin* beginner may have dillirulty in prolonging the time 
of the first inspiration to live seconds, hut he soon acquires tiiis control, 
and the duration should he gradually lengthened to iifteoii or twenty 
seconds. The pause following this inspiratory net need Ik* only a short 
oik* at first, and there* is no advantage in increasing this beyond ten sec- 
onds at any time. Kxpirntion then proceeds in like manner, slowly, 
smoothly, with attention constantly direeted to the chest movements un- 
der the hands, and the gradual increase of pressure exerted by the lat- 
ter as the expiratory act is completed; the duration should be increased 
from ten to thirty seconds. The lower abdomen is held moderately con- 
tracted; the shoulders should not hi* raised, nor tin* inspirations and ex- 
pirations so extreme that the patient distorts his features. Above all, the 
respiratory movements should lx* rhythmically carried out, smoothly, not 
jerkily, and until u certain proficiency in execution is acquired no ad- 
vance is to he considered. 

This method of breathing is appropriate, as it affords a gradual ex- 
pansion or stretching of the delicate lung tissue, there being u«» advan- 
tage here, and at least a theoretical disadvantage, in the rapid and more 
vigorous intake of air advocated in vocal exercises. 

Breathing through tin* nose is also recommended, as this is the physio- 
logical method during not too violent exercise. And then* need lu* no 
stress put upon the so-called diaphragmatic breathing, since all full ex- 
pansion of the thorax is necessarily diaphragmatic, as (lutzinann has so 
elear!\ shown in his k \S|iimneimd Stiuiuihildiing'* (Voice and Voice Cul- 
ture) . 

When the above simple exercise has been properly performed, gym- 
nastic movements may he combined, for their own sake and for the sake 
of diversion and concentration afforded by a greater variety of movements, 
which would otherwise* become monotonous. Those may be briefly de- 
scribed as follows: 


Ri'spiral ory JSxercisss 

1. Hands placed upon the hips; thumbs pointing backward ; elbows 
moved forward, constricting the client during expiration, and backward, 
giving* free play for expansion during inspiration. 

2. Arms extended forward, para 1 . 1 '*! and horizontal, with palms fae- 
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ing each other — expiration; mm*e*el backward to the extreme in the hori- 
zontal plane — inspirat ion. 

8. Arms directed downward at the sides, palms inward — expiration; 
raise 1 laterally to the perpendicular, turning the palms upward midway, 
until they fact* each other in the perpendicular ami parallel position 
above the head — inspiration. 

4. Perform eireles with the arms extended laterally, the expiration 
taking place* during the execution of the lower half of the circle ( forward 
movement), and the inspiration during the upper half of tile circle (back- 
ward movement). 

T>. With tht' hands on the hips, the body is bent forward from the 
waist line during expiration, backward during inspiration. 

(>. These movements may he assisted hv forcibly but gently drawing 
the arms backward at the extreme of inspiration, tbe operator taking his 
position behind the patient and guiding his arms during the excursions. 

Numerous other combinations of simple invention may la* added, hut 
the point which should 1m* most strongly impressed and insisted upon 
in the performing of any of these exercises is exactitude -coordinating 
tin* calisthenic exercise with tht* two phases of breathing— uni to have 
a breath half iinished when the arms have reached t lit* tiiuil position, etc. 

Disk asks ok tiik Nkuvous Systkm 

As a palliative* and curative measure for the treatment of many nerve* 
affections, massage is almost indispensable. The* superlicial location of 
the peripheral ne*rves and their relation to the muscle tissue*, making 
them easy of access, and the inllncncc* of mechanical measures upon the 
peripheral rellex arc of the sympathetic nervous system, afford a very 
broad application of the art to nervous eliseases. 

Massage is adapted to exe»rt a stimulating and see la live effect upem 
the nerve, according to ihe method of application. The Piluegcr-Arnelt 
law of nerve excitability refers to normal nerve tissue, and is as follows: 
“Weak stimuli excite the activity of tlu* nerve; moderuloly strong pro- 
mote it; strong retard it; the* strongest abolish it.” The* degree of stim- 
ulation should be proportionate to the* sensitiveness of the* nerve*; weak 
pressure on a livperexei table* nerve may cull forth a response* eejnal to 1 lit* 
strongest stimulation of a normal nerve, ami strong excitation may have* 
little or no e*ff<*ct upem a hyposeusitive nerve. Hearing in mind these 
physiological laws, it is not ditlieult to prescribe fen* a nerve condition 
according to the effect desireel. Bum sums up these* facts in a fe»w words: 
“Vibration and percussion produce an irritative effe»e*f, capable* e>f being 
regulated, upon the voluntary and involuntary muscles and upon the* 
nerves. This causes, aceeirding te> its intensity, an increase or decrease 
of the condition of excitation. The irritating action does not seem to 
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bo confined onlv lo (ho peripheral filaments and the stems of sensory, 
motor, and mixed nerves, hill seems u!m> to intluence tin* nerves of sccre- 
tion and to cause excitation oi* the vasomotor nerves." 

Reside the clin»c*t action upon the nerve structure, the latter may bo 
further influenced by mechanical manipulation — active and passive move- 
ments which have for their object the stretching of the nerve, thereby 
breaking up adhesions and, according to Zederbauni, acting in the same 
manner as pressure on the* nerve. Further than this, the massage and 
passive* movements serve to .strengthen the affected muscles. 

Winternitz attributes tin* neuralgias to tin* accumulation of the prod- 
ucts of fatigue in the nerve, and credits the action of massage and its 
allies to their influence upon tin* vasomotor nerves, by means of which 
a more active circulation is promoted and the waste products eliminated. 

Neuralgias. — Tin* occurrence of neuratpias and neurit ides as local ex- 
pressions of constitutional di-ease is so nearly the ride that prompt and 
permanent results cannot he expected unless appropriate measures arc 
directed against the primal cause. Rheumatism, gout, alcoholism, dia- 
betes, toxic states, pressure from tumor growths, or hone disease (partic- 
ularly of tin* spine), displaced structures, as fractures or exudates, ad- 
jacent congestion, as in the pelvic organs, tubes, and diseases of ecu I ml 
spinal origin must each receive its appropriate treatment. .Massage cun 
do no more than to offer valuable assistance in the treatment of many 
of these cases. 

Tin* occipital neural pi as are characterized objectively by tenderness 
of the nerve trunks included in this region. There are three principal 
lender points : first, that of the great occipital nerve which makes its exit 
midway between the mastoid process and the spinous process of the upper 
cervical vertebra; second, that of ihe cervical plexus which lies somewhat 
above the middle of the neck, between the trapezius and the steniomas- 
toid muscles; and, third, that of the* small occipital and great auricular 
nerves which lie direel lv behind the lmi-toid process. 

Vibration gives, perhaps, the greatest relief, and may be either man- 
ual or mechanical. Tupping, compression, and friction should follow 
this procedure. Musical vibration has been employed upon the theory 
of Granville, that “pain is due to disharmony/' 

Brachial neuralpia (neuritis) offers direct contact in the axilla, and 
to the individual nerves, where they lie most superficial. Vibration, tap- 
ping, and stroking are all indicated. 

Intercostal neuralpia may only bo expected to yield to massage when 
such conditions as tabes, root or meningeal inJlammat ion, spinal tumor, 
or nerve compression (scoliosis, etc.), pleurisy, and pulmonary tubercu- 
losis, aortic aneurysm, etc., have been ruled out. The tender points an* 
three: one, situated just laterally to the spinous process where the nerve 
exits from the intervertebral foramen; two, in the middle of the inter- 
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costal space where the perforating lateral branch runs just under the sur- 
face; and, three, near the sternum or just lateral to the middle of the 
abdomen where the anterior ramus perforates the muscles. Rheumatic 
and gouty neuralgias may show excellent results from massage properly 
applied to these points. General massage of these regions may be added. 
Such measures also apply to other regions affected, facial, crural, sciatic, 
etc. 

It is a very common occurrence for the first treatment to call forth 
an attack of pain, but this should not persuade the physician to abandon 
the treatment, for usually the operator, by continuing the treatment, 
sees the attack disappear under his hands. 

Sciatica . — Eor the treatment of the sciatic nerve by means of massage 
the most successful manipulations are deep kneading, as practiced by 
Zabludowski and Metzger, together with strong pressure on the nerve 
and stretching exercises; simple friction and vibration; completing the 
treatment with general massage of the musculature; exercises of the 
lower extremity and trunk are sometimes added. Beep kneading offers 
great benefit by stimulating the circulation, flushing the part, as it were, 
with a fresh supply of pure blood, increasing its elimination, and aiding 
its renovation. Percussion still further favors these effects. The severer 
measures are employed with good success in many cases, such as apply- 
ing the strongest possible pressure, by means of the reinforced thumb, 
upon the nerve at its exit. 

Negro advocates energetic pressure on the nerve at its point of exit 
from the foramen, repeated after an interval of a few minutes. Patient 
remains free from pain from a few hours to an entire day. He cites as 
cured 100 out of 113 cases treated by this method. Average number of 
treatments was 6, given on alternate days. We wish to urge great care 
in the execution of such measures; paralysis has resulted at times. 

These procedures may be carried out in the following manner: the 
patient lies on his abdomen and relaxes as far as possible his lower ex- 
tremities; the operator begins with heavy friction (stroking with the 
flat of the hand) from the heel to the lumbar region, and in such a way 
that the hands follow each other in rapid succession. The painful points 
receive special attention; they are rubbed, vibrated, and pressed. The 
stroking and kneading are applied all along the course of the nerve by 
means of the thumbs, which press in between the muscles which border 
it throughout its course. Strong kneading of the calf and thigh muscles 
completes this portion of the treatment ; the patient turns upon his back, 
and, after general and vigorous massage of the extensor muscles of the 
leg, the operator may proceed to move the limb passively, only slightly 
stretching the nerve at first, but gradually increasing with each succeed- 
ing treatment, according to the reaction of the patient. 

Exercises at a later stage further increase the efficiency of the treat- 
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ment. These consist in active aiul passive* si retching of t lit- nerve and 
preparing of I lie limb for ils normal functions. The patient, in t lu * stand- 
ing position, abducts the affected leg while standing on the other 1 < \o'. Ho 
performs a circle with tin* affected leg*, rotating il at the bip. With the 
foot together, lu* bends tlu* body forward. With the feet ingot lu>r, lie 
assumes the squatting position. 

Ttriegcr advocates warm baths { 30-3S'*' ( ilti.R-lOO. 1° FA, in which 
passive and active movements of the h»g are carried out. There art* vari- 
ous methods for st retelling (lu* nerve, and their severity is increased from 
day to day. The duration of the treatment is up to half an hour, ac- 
cording to the condition of the patient. Massage may l»c added, and is 
said to possess a remarkable eiHeieney at such a time. 

Headache. — Ma.-sage is success fully applied to the headaches of 
anemia, those resulting from lass of sleep, those dependent upon (jaslro- 
vdrs final disorders, as constipation (abdominal massage and manipula- 
tion being included), the habitual headache so common in neurasthenic 
slates , those conditions — nervous, muscular, and vascular — tin* description 
of which varies largely with the individual, hut. which are usually de- 
scribed by the patient as drawing sensations; dull, heavy ache*; lameness; 
congestion at the* hack of the neck, etc.; there is frequently a desire to 
stretch the* muscles, or to press them, and examination shows varying 
degrees of tenderness of a diffuse nature, often some* local heat, and a cer- 
tain rigidity, (hireful examination of t lit* neck and head muscles in this 
last, condition described often discloses the presence of muscle nodules 
of induration. Attention was long ago called to these nodules by the 
Swedish writers, and the Swedish masseur will often he the first, to 
discover them. They appear as rather firm, rounded nodules, which may 
he rolled under the linger, and are „ exquisitely tender. They are not 
confined to the head and neck, hut may appear elsewhere on the body — 
the hack muscles in lumbago, the* shoulder lunacies, the thighs, etc. If cut 
down upon, as tin* author saw done in one ease, no trace* of the nodule is 
to be found; it is probably a muscle infiltration of vasomotor origin. From 
time to time attention lias been called to this condition, and of late it 
has been emphasized hv Kdinger and Auerbach, most recently .hv Muel- 
ler. Kdinger goes so far as to say that massage* is flu* only cure for such 
conditions. Such headaches are usually the expression of toxic states, 
and represent forms of myositis and vasomotor spasm. Massage gives 
temporary relief to mit/rtth ir, which is a gouty or rheumatic manifesta- 
tion, also to those toxic headaches resulting from nieotin, alcohol, and 
lead poisoning. It influences favorably headaches due, retlcxlv, to dis- 
ordered states elsewhere in the body- — as the pelvic organs, enlarged pros- 
tate* — to which the masseur may also have his attention directed. 

Tin* application of massage to these* individual oases varies somewhat 
according to the cause. A general massage of tin* head is indicated in 
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all of these conditions, and this consists in a series of manual movements 
intended to renew the blood supply and to relieve the tension which is so 
often present. Stroking and friction, kneading, and rolling of the scalp 
are systematically carried out; the head is grasped between the hands 
and the scalp moved in a circular fashion; chucking; vibration of a 
mild type is especially soothing, also firm pressure. Should the head- 
ache be due to congestion of the brain, depleting measures are indicated, 
stripping the vessels of the neck, hastening the flow of blood and lymph 
away from the cerebral cavity. Breathing and posture influence the 
circulatory flow, and for this reason the downward strokes are advised 
to be made at the same time as inspiration. Hoeffinger, Gerster, Kellogg, 
and others have advocated special methods — some from behind, and others 
from in front — but we think, with Kellogg, that the treatment of the 
posterior neck muscles is a very important part. In the condition de- 
scribed as “muscle nodules” the massage should be of a very firm and 
positive type; rubbing, stroking, and vibration, but particularly the for- 
mer, are applicable. A circular rubbing and stroking in the direction of 
the lymph vessels are most effective. 

1ST aegeli has methods of his own invention by which he stretches and 
manipulates the neck so as to produce favorable results in cases of head- 
ache. Upon this theory of stretching the affected nerve and its sur- 
rounding tissues, he develops a whole system of manual manipulation 
which, when skilfully applied, may give prompt relief to painful condi- 
tions in almost any region of the body. 

Occupation Neuroses. — The treatment of writer’s cramp consists in 
writing exercises carried out before the physician, and this is preceded 
or followed by vigorous massage of the entire extremity. Firm friction, 
deep kneading, and light percussion especially are recommended; all the 
muscles of the hand, the tendon sheaths, the forearm — where more or 
less spastic, tender areas may be found — the upper arm, shoulder, and 
even the trunk may be included. Exercises, passive, active, and resistive, 
may be necessary in the severer forms. In these exercises the fingers 
are moved in all possible directions, the wrist, the elbow, and the shoul- 
der are systematically manipulated. The movements should be rhyth- 
mically executed, synchronously by both upper extremities or alter- 
nating on the two sides; their complexity and severity are gradually in- 
creased. The patient should practice these at home several times daily. 
It is also well to recommend to the patient some form of mechanical oc- 
cupation, such as carving, rowing, book-binding, piano-playing, sewing, 
knitting, etc. 

The neurasthenic element in these cases must always be considered; 
the patient needs much encouragement, precise instructions as to the 
execution of all exercises, a thorough understanding of the duration of 
the treatment, which usually lasts over some weeks or months, according 
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In the severity of the ease. Tin* “rheumatic (‘lenient,” if present, needs 
attention, and the general physical comlition, for those a fleeted are often 
anemic, easily fatigued individuals who need correction of their entire 
mode of living. The simpler and more direct the treatment, the better 
and surer are the results. The tendency to relapse must always be borne 
in mind. 

The musician’* cramp occurs among pianists, violinists, and other 
stringed instrument pla\ers. The mechanical treatment for these condi- 
tions is absolute rest and light massage at lirst - -friction and kneading 
especially. The whole upper extremity should he included. Exorcises, 
mostly in the large joints- -shoulder, elbow, wrist — are recommended. 

Hum relates curative results with a large* majority of eases, includ- 
ing those suffering from writer's cramp, piano, violin, zither, and cello 
players, as well as dancers, bicyclists, tennis players. The treatment 
covered a period of three weeks to four months. 

Atrophy. — It seems wise to include under this general symptomatic 
term (hose disease* which present muscle atrophy of whatever descrip- 
tion or from whatever cause*. Whether the atrophy is due to a neuritis 
or to an anterior poliomyelitis, tlml is, whatever portion of the peripheral 
motor neuron is attacked, the indications for the treatment, of the affected 
muscles are the same, namely, nutritional. 

.It is not difficult, then, to enumerate the* diseases of this segment of 
the motor tract apparatus; these an* regional, as facial palsy; brachial 
neuritis; birth palsy; pressure paralysis, most frequently of tin* forearm 
(imisculospiral) ; the peroneal paralyses, etc.; or general, as toxic poly- 
neuritis, due to alcohol, lead, toxins of infectious diseases, etc.; and final- 
ly disease* of the* spinal motor cells, chief among which are* anterior polio- 
myelitis, progressive muscular atrophy, syringomyelia, etc. There* are 
also the atrophies of primary myopathy, ami of disuse. 

With recent conditions, a week or more should he allowed before any- 
thing but the lightest, massage* is applied. The more* chronic conditions 
of muscle wasting afford ample* evidence* of the beneficial effects of mas- 
sage, (‘ithcr in hastening the* recovery (neuritis of various origins’), im- 
proving the condition (anterior poliomyelitis), often to a surprising ex- 
tent, or retarding the* progress e»f e»r even improving such a disease as 
progressive* muscular atrophy. 

Following the paralysis of one* group e»f muscles, contraction erf the 
antagonistic group fre»que*ntlv orcurs, and this is espe*eiallv the case the 
more severe the* paralysis and the longer its duration. Firm adhesions 
may form so that the joint become* markedly deformed, 'flu* first in- 
dication is to break up lht*e> adhesion* by manage, passive movements, 
and traction. Permanent support should them he* afforded the* joint by 
means of tlu* splint or other mcedmuicnl measure* which prevent the 
joint from resuming the* abnormal po.-itiem. These* appliances are often 
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a test of the ingenuity of the physician. And when the normal motion 
is regained, attention must be constantly directed toward the prevention 
of any recurrence of the faulty condition* 

The massage in these atrophic conditions should consist in those 
movements which stimulate nutrition, through the circulation; the effects 
of muscle inactivity are more or less overcome by this means. Centri- 
petal friction, deep kneading with all its modifications, circular knead- 
ing, and percussion are most useful. 

Spasticity. — This condition of muscle spasm, which is a result of cen- 
tral or spinal irritation of the primary motor neuron, is relieved, and 
the contractions resulting from long-continued muscle spasm are over- 
come, to a large extent, by massage. Such spastic conditions occur in 
cerebral lesions affecting the motor areas, or its cerebral and spinal tracts. 
Among the most frequent of such conditions are cerebral hemorrhage or 
thrombosis; multiple sclerosis; cerebrospinal lues; specific spinal paraly- 
sis; compression of the cord from whatever cause, tumor, Pott’s disease, 
dislocation. The patient may often be temporarily relieved and often 
materially benefited by relaxing massage, combined with passive and ac- 
tive movements; the pains from muscle cramps are alleviated, and the 
secondary atrophy consequent to long disuse is counteracted. The degree 
of recovery can only be fully demonstrated after making use of every 
means to bring the affected part to as nearly as possible a normal state 
of nutrition and relaxation. Por this reason it is essential to continue 
the treatment for some weeks, with regularity and perseverance. 

The passive movements should include each affected joint, and should 
be carried out to the full extent of physiological movement. Where ad- 
hesions exist, these must be gradually broken up by firm and persistent 
force, and it is for this reason often advantageous to exert more or less 
constant traction upon the spastic muscles by means of splints or me- 
chanical apparatus. 

The active movements are particularly applicable ■ in those cases of 
long duration where the part has fallen into disuse, and where, by re- 
educating the voluntary control and stimulating the voluntary muscle 
groups, very favorable results may often be obtained. The reluctance of 
the patient to use a part which he can only awkwardly control, and which, 
therefore, has added to its already injured condition that of disuse, must 
be insistently guarded against, and the patient should be urged to use the 
part in as nearly a normal capacity as possible. Examples of a few 
active exercises are here given, and these should be modified to the in- 
dividual case, according to the region affected: 

Finger Movements . — Plexing and extending the fingers and thumb, 
both simultaneously and separately; ab- and adducting the fingers, both 
simultaneously and separately; flexing and extending the fingers in the 
first and second phalangeal joints; rotating the fingers separately; touch- 
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ing the tip of c*iu*li finger to the tip of the tlitnnh; touching the tips or 
sides of alternate ringers, etc*. The normal movements of wrist., elbow, 
and shoulder may he exeeuted voluntarily. 

JjOircr Extremity , — Flexing and extending the toes without participa- 
tion of the ankle joint; movements of the ankle, knee, and hip joints, in 
all directions; in the* sitting or standing position, with the* heel raised, 
tapping the toes on tin* tloor. Hexing the ankle to the full extent each 
time, etc. Later more complicated exercises may he introduced. It is 
often of advantage in one-sided paresis that the patient either imitate 
the* movements as demonstrated by the operator, or that he carry out 
movements of the affected side in unison with those of the normal side. 
Frequent practice and exactitude of execution are essential. 

It should also he borne in mind that appropriate measures for the 
prevention of contruetures should be eommeuced at an early date, as these 
present much greater dittieulfies after they have once formed. It is 
sometimes impossible to prevent them, however. 

Tabes. — Symptomatically, massage* has its place in the* palliative treat- 
ment of tabes dorsalis. It relieves the hypotonia and the feeling of ‘ k slitf- 
uesf>” which the patient, often describes, and which is an instinctive, more, 
or less voluntary condition which adds to his security by heightening his 
joint sensibility; it favorably influences the muscle pareses, and may 
relieve the pains. Defective circulation so frequently goes hand in hand 
with tabes, arferio- and cardiosclerosis, and the sensory trophic nerves 
am so universally involved, that nutritional disturbances of a local or 
general character are sure* to develop at some period of the disease; mas- 
sage, general and passive movements, are well employed here; and also 
massage of the hack for any effect which it may produce upon the spinal 
nutrition. Massage, particularly vibration, over the bladder is recom- 
mended in vesical disturbances, and abdominal massage* in combating the 
frequent, obstinate constipation (see ( 'oust i pat ion Y 

Beeducntional Movement* in Ataxia.- Even before the pathology of 
tabes was understood, gymnastic movements were employed in this dis- 
ease by the Swedes, and, it is said, not. without success. Hut, when the 
nature of the lesion became known and the* manner of its working was 
established, motor training for ataxic muscles acquired many advocates 
who developed more or less individual hut similar systems of training 
based upon the same principles, namely, the possibility of compensation 
for the defective sensibility by educating to us high u degree as possible 
the sensibility which remains. 

It was Frenkel of I lei den, Switzerland, who formulated, upon the 
theories of v. Leyden and Goldscheider, a simple and practical system 
for the reeducation of the ataxic motor apparatus. Tie (‘specially em- 
phasized as the essential part the frequent repetition of the movement 
and the care and exactitude with which it is carried out, Tims the 
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system becomes a trainer of those forms of deep and to a certain extent 
superficial sensibility which inform us of the relation of the different 
parts of our bodies to one another, and of their positions in space. In 
the process of training these sensibilities the sense of vision is, at first, 
made to play an important part. 

Upon the theory that this sense of “position” could be sufficiently 
restored to the tabetic to enable him once more to direct his movements — 
coordinate them — his motor apparatus being adequate, it was necessary 
to develop exercises which would permit of practice in the finest co- 
ordination, in the greatest accuracy of execution, and which possessed 
such simplicity and ease of execution that the easily fatigued muscles 
of the tabetic would not suffer injury. 

The patient is first examined as to his degree of ataxia — whether 
he is able to walk alone or supported — whether he can perform simple 
movements accurately ; to what extent his nervousness influences his move- 
ments; also as to his hypotonia and the presence of trophic disturbances, 
both of which materially influence the prognosis for the worse. A care- 
ful sensory examination, particularly of the deep sensibilities (muscle 
and joint sense, position) will give one precise information as to the 
impairment of function. 

The exercises are graded from the simplest to the most complicated, 
and may therefore be applied to any degree of ataxia. Those for the 
lower extremities are performed either in the lying, sitting, or standing 
position. The first are most easily performed, since they eliminate the 
weight of the body and its balance; the legs may even be supported by 
the doctor or by a suitable apparatus. The patient, lying on a couch 
with his head and shoulders raised, so that he may watch every move- 
ment, flexes and extends one lower extremity, the heel resting upon the 
couch and sliding with a smooth continuity in a direct line, not with a 
jerky, interrupted movement; slowly and exactly, and not in a hasty 
fashion, a tendency of almost all tabetics. In the same manner similar 
exercises are performed, including the physiological range of movement; 
flexion of the leg, abducting and adducting, extension; voluntary halts 
are made or called by the doctor, etc. The same exercises are performed 
with both legs simultaneously. Only when these have acquired a certain 
proficiency should other exercises be added. The same exercises are per- 
formed with the heel a few inches in the air ; the heel is brought to rest 
upon a point indicated on the other leg. The heel is run along the an- 
terior border of the tibia from the ankle to the patella; halts are made 
at regular intervals; the heel is moved from the tibia to the couch, up 
and back again, etc. Thus a number of combinations may be made, and 
the variety is appreciated by the patient, who should, on his part, exert 
every effort to concentrate his attention upon the exercise. Fatigue must 
be guarded against, and frequent periods of rest allowed. Practice for 
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five* minute's seweral limes a day is much preferable lo limber pewiods less 
often. Fi*om the outline of the mo\e*uu*iits given above, e»thcrs more 
cennplieati'd and extensive are evolved. Passive movements for tlm edu- 
cation of “muscle sense” have been advocated by (JoldseheidiM 1 . Here the 
patient, with closed eves, concentrates upon the movements of Ids joints, 
endeavoring to perceive and detine every peripheral sensation associated 
with this movement. 

Special apparatus has been constructed to afford greater range of exer- 
cises; the heels are placed in hollows made at regular intervals in a 
hoard; a crossbar adjustable to varying heights is touched by the toes 
and the heels, etc. (nddseheider and others have elaborated many differ- 
ent sorts of apparatus, hut, apart from a few pieces which we will men- 
tion lat it, they are entirely unnecessary. As soon as possible the patient 
is taught to get upon his feet from the si / / i u<f posture; this is the most 
important movement executed from this position. Here iirst begins a 
close analysis of movement in the erect, position and its relation to grav- 
ity. The patient should have demonstrated to him the following points 
in the process of { 1 ) “standing up,” and (-} “sitting down.” 

1. Draw feet hack until they arc* on a line with the edge* of tin* chair; 
move somewhat forward on the chair; bend the body forward until the 
knees begin to extend, then extend the knees entirely and cause the* body 
to assume the erect position. 

: '2 , In reverse order, the body is bent forward while the* knees art* 
Hexed, thus keeping tin* line of gravity far enough forward to enable the 
body to he* lowered slowly into tin* chair. 

(km* must be taken in both of these exercises lest the* patient pitch 
forward. He may at Iirst. support himself on flu* arms of the chair, or 
by placing his hands on his thighs, hut later la* should let his arms hang 
at his side. It is often astonishing to see the* case with which this act 
is performed after these few points in mevlumism are learned. 

Kxereise*s in the erect posture* e*onsist in standing on both legs, taking 
short steps forward, sideways, and backward, first with one* fool and then 
with tla* other; rising <»n the* toes; bending the knees; resting on one 
foot and toe* of other, and on one* foot alone*; walking sideways, forward, 
backward, and turning; taking steps of various lengths; exercising on 
a wide* base* (heels !)-!:? inches apart), ami on a narrow hast* (heels H 
inches apart ) ; various modifications ed* these* e*xereises, such as walking 
with the* knees slightly bent, walking zigzag, e*fe\ ; finally, walking up 
and down stairs, etc. 

In eirdt r to perform some of flit*sc exercises lines ami footprints may 
he* painted upon strips of linoleum about twenty fe»e*t long. A scpiare* of 
linoleum on which are* painted footprints to allow lateral, forward, back- 
ward, and oblique* *teps with each foot is very useful. A small platform 
on two opposite sides of which lead flighls of three* steps may e*asily be 
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constructed by any carpenter. This is all the apparatus which is actually 
required. In all these exercises the following j>oints are to be carefully 
noted: The patient, at first, watches every movement which he makes; 
as he progresses he looks a few feet ahead of him, then straight ahead. 
The question of balance is a very important one ; he is taught to shift his 
weight from one leg to the other, and at first he should do this before 
he moves the free leg; later he may shift his weight and move his leg 
at the same time in the normal manner. The proper training in this 
regard greatly facilitates his walking, and it is for this reason that the 
first exercises should be those best adapted to this purpose, namely, shift- 
ing the weight from one extremity to the other with a very slow, rock- 
ing motion, after having taken a step forward, sideways, or obliquely; 
balancing on one foot supported at first by the toe of the other, then with- 
out support, and' finally fiexing and extending the free extremity at the 
same time; and walking sideways. Above all, the exercises should be 
slowly and deliberately executed, and this is best obtained by insisting 
that the patient be certain of his balance before he attempts the movement. 
It is hardly possible to perform these movements too slowly. Ordinarily 
one leg is more severely affected than the other; special attention should 
be paid to this, and an effort be made to develop the two extremities 
equally, and to avoid the natural tendency to make more use of the bet- 
ter leg. Tabetic patients avoid balancing themselves upon their toes; in 
stepping forward and sideways, the toes should touch the floor first, and 
in taking measured steps the edge of the sole should touch the lines ac- 
curately. There is a strong tendency in the tabetic to turn the toes out- 
ward; this should be overcome. The danger of falling must be borne in 
mind and constantly guarded against. A patient’s pulse is often the best 
indication of fatigue. 'Walking with slightly bent knees is an excellent 
exercise. Walking up and down stairs needs again special attention as 
to the center of gravity. By carefully observing the different stages, ac- 
cording to the rules already given, the mechanics of the act are not diffi- 
cult to explain. It is wise to support those patients who are unable to 
stand by means of a broad belt, made of non-elastic material, and sup- 
plied with stout leather straps for fastening and two iron or wooden 
handles posteriorly. By means of these handles the “paralytic” patient 
may he supported with less danger than by the arms, especially if these 
are" severely affected, as dislocation or fracture of the humerus may occur. 
Very loose joints may he supported hy bandages. Electricity and mas- 
sage, resistance movements especially, are strongly advocated for the hypo- 
tonic musculature. 

The exercises for the upper extremity consist in simple coordinated 
movements, such as flexion and extension at the various joints, executed 
slowly and smoothly; the joints of the hand should receive special at- 
tention, and the fingers should he taught to move separately and to- 
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pother. These exorcists require a certain miHiiiiit of apparatus, wliicli 
is easily available — -pencil and paper on which tlu* patient traces or 
draws straight and curved lines, or la* may follow a groove in a hoard, 
holding the pencil lightly, maintaining tin* same pressure* and slow rate 
of movement throughout. This should hi* a free arm movement, and may 
he varied by altering the position of the hoard. Double grooves may bn 
made, thus allowing both arms to practice at the same time. On the other 
side of this hoard may be pasted, at regular intervals, paper discs the 
size of the linger lips. 

Discs of paper may lu* pasted, or small circles the size of the linger 
tips may he painted, at regular intervals upon a hoard about one foot 
square. These discs are numbered, and the patient requested to place 
his linger, with free arm movement, upon the disc hearing tin* number 
called hv the doctor. A similar hoard, or the same one, may have holes 
into which the patient inserts pegs or large pins. A eribhage hoard is 
an excellent example. When cards are added, the patient will iind diver- 
sion as well. Solitaire may he played, carefully, with exact placing of 
each card. ( Mieekers or dominoes, made into piles or designs, nlVord a 
useful diversion. Various designs with straight and curved lilies may 
he retraced. Finally, writing with pencil and pen is added. The* pa- 
tient should make every effort to employ his hands in as many ways as 
possible; in dressing himself, in helping himself at table; lie may play 
the piano or some other musical instrument. Thus he practices several 
times each day with cxm a titudc and patience, at lirst before* the physician, 
and later, if he shows aptitude, by himself. 

(Umfraindications to these exercises, especially as pertains to the se- 
verer ones for the lower extremities, are self-evident- general weakness, 
uncompensated organic disease, trophic joint disease, and blindness. A 
fair degree of intelligence is required. 

The foregoing exercises apply not. only to locomotor ataxia, but per- 
mit of mod ideations in their application to other types of incoordina- 
tion. (toldscheider recommends such practice of reeducation therapy in 
intention tremor and athetoid movements, which, he says, may be some- 
what. benefited. It has been recommended in long-standing cases of 
chorea, and systematic movements have shown improvement in In/sferiral 
contract ares and in tics. Writer 's cramp has already been referred to 
under occupation neuroses. Zahludowski reports a ease of Friedreich's 
atasia improved hv massage. 

Since the tine* of < 'ha rent vibration has lk*cn used to relieve the 
tremor of jmrahfsis apitans. and it offers temporary relief in some eases. 
Ma**age of tin* .stiffened muscle* is well added. 

Neurasthenia.- Fuller this vague term we group a multitude of pri- 
mary conditions which present the symptom* of diminished nervous 
energy. Massage naturally suggests itself and often proves of value in 
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tlie restoration of these fatigue processes, with their consequent nutri- 
tional disturbances. 

Daily calisthenics, practiced- on rising and on retiring, for five or ten 
minutes, and combined with deep breathing, give a splendid feeling of 
well-being to some patients. Such exercises are noted under the head of 
“Diseases of the Pespiratory System,” also under “Constipation,” and we 
here add a list which offers further suggestions. (See also Yol. IV, Sec. 
IV, Chapter XXI.) 

1. Stand erect, let arms hang down relaxed beside body, clench 
hands, and touch shoulders alternately with fists. 

2. Touch shoulders with both fists at same time. 

3. Stand erect, extend arms sideways same height with shoulders, 
bend arms from elbows, and touch shoulders alternately. 

4. Touch both shoulders at same time. 

5. Stand erect with hands on hips, bend body backward and for- 
ward. 

6. Same position as 5. Bend body sideways from right to left 
(exercises 5 and 6 should be done slowly to avoid dizziness). 

7. Take attitude of a boxer. Step forward with right foot as far 
as possible, and push arm with clenched fist forward as hard as possible. 
Arm and foot motion should be uniform. 

8. Pepeat exercise 7 with left foot and left arm. 

9. Pepeat exercises 7 and 8 with right and left side alternately. 

10. Lie flat on floor on back with hands underneath head, raise ex- 
tended legs alternately at right angles with body. 

11. Same position as exercise 10. Paise both legs at right angles 
with body. 

12. Place arms with clenched hands on chest, remain flat on back, 
keep body rigid, push arms forward, trying to sit up at same time. 

.13. Lie flat on stomach. Extend arms in front of head, raise arms 
and legs from floor at same time (be sure to raise knees and elbows from 
floor) . 

14. Elat on back. Place hands with palms flat on floor beside body, 
hands should be in same line with hips and at a distance of about 15 
inches from body to secure balance. Throw both legs over head and try 
to touch floor with toes. 

Do each standing exercise about 8 times, each floor exercise 5 times 
in beginning, and increase exercise according to increase of strength. 
Dress lightly when exercising with plenty of fresh air in room. 

The patient should resist, to some extent, his own movements. Pride 
and enthusiasm in execution should be fostered. He should be cautioned 
not to exercise for at least two hours after a meal, and if he complains 
of faintness to take a few sins of milk, coffee, or tea. 

These exercises may also be practiced during the day, when they may 
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take the form of a divers-ion. Ihnnbbells may be list'd, or pulley weights. 
Horseback r i < 1 1 1 1 1*% boxing, fencing, dancing:, golfing, rowing, swimming, 
and such sports combine recreation of a more varied type, and offer 
greater attractions to the fastidious. Manual labor of all kinds is strongly 
advocated, wood-chopping, gardening, carpentry, etc. Whatever work is 
to he done, whatever exercise performed, the purpose should bo empha- 
sized, and exact instructions given. 

The sexual neurasthenic is usually greatly benefited by taking up 
some form of vigorous exercise. Massage of tin* prostate may he indi- 
cated. 

To the fort ‘going procedures may be added spinal vibration, such as 
may be given by current hand vibrators, and general tonifying measures, 
such as hydrotherapy offers. 

.Massage may he employed in hysterical conditions, or rather upon 
those who show hysterical stigmata along with functional organic, dis- 
orders; malnutrition, anemia, and the symptoms already noted under 
neurasthenia. It may he po>sible to favorably inlluence the anesthesias 
and hyperesthesias by nm-sage in combination with suggestion, hut. it. 
is often wise rather to direct, the patient's attention away from these 
muni testations. 

Through the influence of massage upon the nutrition aud metabolic 
processes, toxic psi/rhosc#, in which exhaustion, depression, and even stu- 
por are present, show improvement. Hum, quoting Maggiorani, gives as 
contntindicnfianN all forms of mania — with the exception of the hysterical 
— Melancholia with anxiety or agitation, epileptic psychoses, as well as 
those patients aiilieted with acoustic hallucinations. 

Certainly massage is contraindicated in all forms of mental disturb- 
ance in which it is demonstrated, after a few treatments, that it aggra- 
vates rather than pacifies tin* patient’s mental condition. Here again 
the tact fulness of the operator may he the determining factor. 

G AHTItOI XTKSTl X VI. I ) IS K \« KM 

Tn all eases of gastrointestinal disorder of a chronic nature, disturbed 
nutrition and more or less toxemia follow as natural accompaniments; 
whether these disorders are due to digestive disturbance of a functional 
type, to alteration of the digestive juices- --gastric, hepatic, pancreatic, en- 
teric— to ulcer formation" -or due, secondarily, to circulatory disturbance, 
reflex pelvic or glandular aberration- -general massage is frequently use- 
ful in combating the toxemia and in overcoming ihe ill effects of the 
prolonged rest so often required. It should lie* prescribed only upon 
definite indications. If the patient exercise sufficiently to facilitate elim- 
ination; if his peripheral circulation is overact ive, as in hyperthyroid 
conditions, ‘massage is usually not indicated; but if, on the other hand. 
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there is a sluggish, atonic state, if exercise is limited, and elimination 
poor; above all, if rest and every means of saving the expenditure of 
energy are imperative, general massage may exert a very favorable influ- 
ence. In such cases abdominal massage, unless contraindicated, should 
be included in the treatment, and the abdomen should receive special 
attention where chronic constipation and splanchnoptosis exist. 

Chronic Constipation. — It is certain that a very appreciable number 
of patients suffering from chronic constipation present the features of 
an atonic abdominal wall, and more or less prolapse and atony of the 
abdominal contents. There is general retardation of function, both mo- 
tor and secretory, through diminished activity; there are accumulation of 
material, fermentation, dilatation, passive congestion of the portal sys- 
tem, and frequently distressing visceral sensations — dragging pains else- 
where in the body from faulty posture, or toxemia, etc. The prime in- 
dication for abdominal massage is atony, and it has been authoritatively 
stated that the permanent cures of chronic constipation have been brought 
about by treating this causal factor, which is to be sought not only in 
the “atrophy and insufficiency of the muscular elements of the intestine, 
but also of the abdominal wall” (Bum). 

Kellogg gives the following rules which are to be observed in abdom- 
inal massage: 

“1. General abdominal massage should not be administered until 
two hours after eating. 

“2. The bladder should always be emptied just before abdominal 
massage. 

“3. In obstinate cases of fecal accumulation a coloclyster (large 
enema taken in right Sims’s, or knee-chest, position) of warm water 
should be administered, the water being allowed to pass off before treat- 
ment. 

“4. The patient should be taught to relax the abdominal muscles, 
and to breathe deeply and regularly during treatment. 

“5. If the abdomen is very sensitive, apply a hot fermentation be- 
fore giving the massage. 

“6. If the skin perspires very freely, render it firm and smooth by 
sponging with cold water. 

“7. Very Ticklish’ patients require careful education by avoidance 
at first of superficial movements. 

“8. Pain and coldness of the extremities, or depression, afte v ab- 
dominal massage, are due either to bungling or violent treatment, or to 
extreme hyperesthesia of the abdominal sympathetic. In such cases em- 
ploy fomentations and the moist abdominal bandage in connection with 
massage. 

“9. It is important in all manipulations of the abdomen to exercise 
great care not to excite pain. All movements should be executed in such 
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a manner ns to avoid sudden thrusts, thereby causing the patient pain 
or other disagreeable sensations, as sueli ilisturhauees erc*ate rigidity of 
the abdominal muscles, thus seriously interfering with the effects of the 
muuipulut ions. 

“10. lu applying massage to the abdomen, the operator should stand 
over flu* patient, so as 1o aid his hands, as far as possible, by the weight 
of his body, taking eare, of course, to graduate* the pressure to the re- 
quirements of each individual ease. 

“11. All deep-kneading movements in massage of the abdomen 
should be slower than for other parts of tin* body, to allow time for move- 
ment of the fecal mass. 1 ' 

The methods employed an* circular stroking, at tirst very lightly, to 
overcome the reflex muscle spasm. Here the palmar surface of tin* hand 
is placed Hat upon the abdomen in tin* region of the umbilicus; the lin- 
gers point to tin* right beneath the costal borders, and lightly stroke from 
right to left, the wrist being used as a pivot. Vertical stroking may 
follow if t he* patient's abdomen is not too sensitive (“ticklish"). Com- 
pression of tin* solar plexus and lumbar ganglia as a means of stimulation 
has been advocated, hut this should he executed only with great can*, and, 
we believe, should he avoided altogether when hypersensibility exists; it 
is frequently a sign of spastic constipation, to which we have already 
alluded. Kneading of tlu* abdominal muscles, and deep kneading of 
the abdominal contents, digital, palmar, and with the fist, are excellent 
measures — small circles may he* described by the tips of the lingers, one 
hand being reinforced by the other laid upon it; the course of the* colon 
is followed. And it should be* borne in mind that too severe excitation 
may lead to undesirable spasm, or even relaxation of the intestinal wall, 
as well as the ill eiTeets of trauma. Vibration is applied by means of 
the Hat of tlu* band, by the fist, and by the finger tips with firm pressure. 
Percussion consists in tin* usual methods as applied elsewhere upon t lio 
body. These last two procedures are (‘Specially advocated by some au- 
thorities. 

I’nless the physical condition of the patient forbids, abdominal mas- 
sage for abdominal atony is usually combined with special exercises 1o 
develop tin* abdominal musculature by voluntary effort. A list of the 
most serviceable exercises follows. 

I lending the body forward and backward, and rotating the* trunk upon 
the hips— -this last may he carried out in the standing or sitting posture*. 
Hanging from a liar, the extended lower extremities are flexed in midair 
upon the trunk, or, the same movement, lying upon the back, tin* limbs 
art* raised into the air, or, tlu* feet made fast by straps or a heavy weight, 
the trunk is raised to tlu* erect position, and rotated. These movements 
may be executed with or without resistance. General gymnastic exercise 
and outdoor sports may lx* recommended. 
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Breathing exercises may be advantageously combined with some of 
these movements, and deep breathing is to be recommended for its bene- 
ficial effect upon posture, for its circulatory effect, and for any action 
which it may directly have upon the liver and other abdominal viscera. 
It may be necessary or advisable to employ an abdominal belt or support. 
Electricity in the form of faradism and galvanism is useful at times. 

At the initial stage of the treatment it is wise to make use of a good 
tonifying cathartic in diminishing doses; enemata or irrigations may be 
necessary. Gradually a normal equilibrium should be established. The 
duration of such treatment practiced daily varies from four to eight 
weeks. 


Disorders oe Metabolism 

Obesity. — It is doubtful if massage alone is of any value whatsoever 
in reducing fat. When given together with systematic exercises, and the 
other above-mentioned methods, it undoubtedly affords a valuable adjunct. 
In the beginning the exercises prescribed should be very mild ones, con- 
sisting chiefly of regulated walks in the open air. If there appears no 
contraindication the amount of daily exercise can rapidly be increased. 
The individual must be made to see the necessity for active outdoor exer- 
cises. Where practical, he should be interested in golf, tennis, and horse- 
back riding. Such diversions as these, together with scheduled walking 
excursions, usually appeal more strongly to the patient than gymnastic 
exercises. At first the walking should be done on level ground, and 
later, as the patient becomes accustomed to it, hill-climbing should be 
taken up. These are the Oertel exercises, and are of the greatest value. 

The gymnastic exercises employed consist of movements which will 
strengthen the abdominal and back muscles, and breathing exercises. 

1. With the hands clasped behind the neck, the body is bent for- 
ward, backward, and from side to side, and then rotated at the waist. 
This should be repeated in every direction eight or ten times, slowly 
and evenly, and with the lungs alternately filling and exhaling. 

2. With the hands held high above the head, the patient lying 
supine, the trunk is slowly raised as far as possible, while the hips and 
lower extremities are held as immobile as possible. 

3. In addition to the above, simple calisthenic exercises, as are de- 
scribed on pages 306 and 321, should be practiced. 

It must be borne in mind that none of these methods will prove of 
much value if employed alone. One is essential for the success of the 
other, this being particularly true of dieting and exercising. 

Gout. — Inasmuch as obesity is frequently a forerunner of gout, a 
great deal may be done in the way of preventing it by employing those 
measures described above for the relief of the former. The two con- 
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ditions mr \ery often loinnl together, find, since I hcv 1 >o t ] 1 represent a 
metabolic disorder which result" from overnutrition ami faulty elimina- 
tion, the treatment of pint hy exercises is pruct ically tlu* same as for 
obesity, hi gout, however, it is seldom necessary to employ as strenu- 
ous exercise as in obesity. The individual's life must he properly reg- 
ulated, and all avenues of elimination kept active*. This, of course, in- 
volves the taking of the proper amount of exercise. (Joutv deposits around 
the joints are often treated hy massage, and usually successfully, pro- 
vided the manipulations are very gentle in the beginning, gradually 
increasing a little* at each treatment. 

Rheumatism.- In the treatment of rheumatic conditions massage and 
piissiu* movements oceup\ a mueh larger field of usefulness than gym- 
nasties. Well-regulated exercises, however, may lx* successfully em- 
ployed as a preventive measure in those individuals possessing the rheu- 
matic or gouty diathesis. 

In acute inflammatory condition" of the joints massage must he em- 
ployed with the greatest care. It should not lx* undertaken at all unless 
one is fortunate enough to secure the services of an expert operator, for 
it is a simple matter to do a great deal more harm than good by care- 
lessness and ignorance. Needless to s.iv that a 1ml, swollen joint must 
he put at absolute rest. Any manipulation of the joint whatsoever would 
not only cause unbearable pain, hut would aggravate* the condition. If, 
however, we gently massage the limb above and below the joint, and 
employ the more vigorous methods to other parts of the body remote 
from the* site of the iutlammation, we are able* to encourage drainage* 
from tlu* affected part by dilating flu* peripheral vessels, and to relieve 
the heart of some of its burden. Oxidation and radiation are both pro- 
moted, two factors of great, value* in any febrile affection. It is in the 
neighborhood of the joint that the greatest care must he exercised. The 
operator's hands must not conn* too close to tlu* inflamed part. Stroking, 
friction, and very gentle kneading art* tlu* methods of procedure to be 
employed here, while in tin* more remote parts of tlu* laxly all of the 
methods ordinarily used are indicated. As soon as Ihe pain, swelling, 
and fever have sullieiently subsided, very gent it* passive movements of 
tlu* joints are indicated. 

When stunt* part of the muscular apparatus is attacked, as in lum- 
bago or torticollis, tin* treatment hy massage should he similar to that 
just outlined above for flu* parts surrounding an inlhunt <1 joint. With 
subsidence uf the pain, more vigorous methods may be employed. 

In subacute and chronic rheumatism massage ami passive movements 
of the joints afford ready relief, and when employed systematically we 
are able to keep tlu* musculature and joints in a more flexible and healthy 
condition. In chronic rheumatism tlu* joints particularly need careful 
attention. Passive and active movements, up to the limit, of pain tol- 
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erance, practiced regularly every day, will do a great deal to prevent 
ankylosis. As we all know, there is a marked tendency, with individuals 
suffering from this disorder, to remain quiet and to take just as little 
exercise as possible. Needless to say, a sedentary life only aggravates 
the condition and encourages gouty difficulties in addition. The pain 
provoked when these individuals attempt to move about is often very in- 
tense, and they come to dread the slightest exertion. Hence, when mas- 
sage is administered by a skilful operator, we have an excellent sub- 
stitute for exercise. When properly given the treatments should cause 
very little, if any, discomfort. 

In this, as in the other metabolic disorders treated above, one cannot 
hope to rely upon this method alone. Dieting, hydrotherapy, and drugs 
all have their important places in the treatment. 

Arthritis Deformans. — Arthritis deformans is a condition which, in 
view of our present knowledge, is almost entirely dependent upon mas- 
sage and manipulations of the joints for temporary relief. When these 
are employed early in the course of the disease they will, to some ex- 
tent, retard the progress of the deformity. General bodily massage should 
be given in all cases, with special attention paid to the joints and muscles 
involved. It is essential that the treatments be given over a long period 
of time, and at a regular stated hour each day. The degree of force 
employed to overcome the ankylosed joints should depend upon the amount 
of pain provoked and its duration. If the pain only lasts for a few 
minutes, or for an hour or so, the same, or a slightly greater, degree of 
force may be used at the subsequent treatment. The muscles between 
the joints, particularly in the hands, must be vigorously and faithfully 
kneaded. A great deal can be done in this way to prevent atrophy of 
these parts. The patient must be encouraged to use the hands as much 
as possible. Tor this he must be taught to perform certain movements 
of the hands and fingers each day, movements that will prevent as far 
as possible stiffening of the joints, and such exercises as would help 
him to retain as long as possible the use of the hands for their proper 
function. Tor instance, he should be made to depend upon his own 
efforts to dress and to undress himself, etc. 

Diabetes. — Massage and exercise are both of great value in the treat- 
ment of diabetes mellitus. The former should be employed in all cases, 
the latter in those individuals who are strong enough to be up and out 
of doors. Since we know that the muscles are the great heat producers 
of the body, it follows that massage and exercise, through their effects 
Tipon the circulation and tissue change in these parts, enable them to 
increase their activity in the combustion of glycogen. 

Massage should be given regularly each day, beginning with half-hour 
treatments, and increasing to an hour or an hour and a quarter. Deep 
kneading and percussion are the methods that are of the greatest value. 



H2S 


ArAKSAfiE AND OVMXASTT C\S 


In tlu* alienee < i f i*i nil raiudicnt ions, tin* patient, .should also he made to 
take some simple form of exercise in I lie open air. 


Sen.UNs, Fk.u'tuuks. am* Pokt-ockkativk Tkkatmknts 

Excellent results may be aeeomplislied in Hie treatment of sprained 
joints hv massage, hut a great deal of skill and experienee on the part 
of the operator is nece^arv. Here, as in treating; aeute rheumatic joints, 
more harm than good will he done unless the proper cart 1 ami skill are 
exercised. For tlu* tirst 2 1 hours after the sprain the joint must ho 
elevated and at absolute rest, (’old applications should he constantly 
applied. After 21 hours tlu* treatment should consist of gentle stroking, 
friction, and kneading of the soft parts about, the joint. Two treatments 
a day should he given, and at each one the operator gradually comes 
closer and closer to the iullamed part, until after the second or third day, 
depending upon the severity of tlu* injury, careful joint movements may 
he executed, and the tissue over the joint gently picked up and kneaded. 
It is chicilv in giving the passive joint movements that caution must, he 
exercised, for any overextension or flexion will further injure the liga- 
ments and tendons. As the swelling and tenderness disappear, Hu* manip- 
ulations may he more vigorous, and the length of time devoted for each 
treatment lengthened. After live or six days only one treatment a. day 
is necessary. 

Ill tlu* irmtmvnl of fractures massage should not he employed until 
after the broken hone has been reduced and immobilized in tlu* usual 
manner for three days. After this the splint, should be removed each 
day and gentle* massage given to the entire limb, due care being exercised 
to avoid displacement of the ends of the hone. After a few days the 
length and vigorousness of the treatment should he increased. Should 
the immobilization apparatus prevent, the free movement of any joint 
in tlu* neighborhood of the fracture, care must he taken that. it. does not 
become stiiT. At each treatment tlu* joints should bo freely moved, at 
first by tlu* operator and later by tlu* patient. Fractures involving the 
joints themselves require great care ami attention. The active and pas- 
sive movements in such eases must, of course, he* guardedly given. The 
neighboring ligaments in such oases an* very liable to become matted in 
the contracting cicatricial tissue, and their free movement, interfered 
with. In skilful hands, however, this may easily la* avoided, and the 
joint restored to its normal flexibility. 

Massage lias proven of great value in overcoming the deformities re- 
sulting for cicatricial contractures in certain post-traumatic conditions, 
and in preventing the formation of adhesions after operations upon nerves 
and tendons. Even though tlu* wound heals by primary union, there is 
usually more or less matting together of the tissues. After a severed 
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nerve lias been united there is frequently enough constriction to inter- 
fere with its normal conductivity, and, unless this is prevented, of course 
the operative procedure becomes useless. Likewise, a tenoplasty, although 
joining the tendon ends, will not permit its muscle to properly function- 
ate unless we are able to prevent the formation of adhesions at the site 
of the operation. While the employment of the Cargyle and other mem- 
branes, to ensheath the nerves and tendons after they have been united, 
has done much to prevent the formation of adhesions, nerve union par- 
ticularly has only met with a moderate degree of success. If massage 
were employed over a long period of time in all of these cases, we believe 
that the results would be more encouraging. 

As soon as the wound is sufficiently healed and the soreness has dis- 
appeared, the operator should begin with gentle kneading of the tissues 
surrounding the incision. The flesh should be lifted up and carefully 
rolled beneath the fingers. When the incision has completely united and 
there is no tenderness, then the site of the operation is ready for manipu- 
lations. The skin and underlying tissue should be lifted up and gently 
stretched in the opposite direction from the course of the nerve or ten- 
don. The degree of force employed should be slowly and carefully in- 
creased. In addition the entire limb must receive vigorous treatment 
and the neighboring joints be duly exercised with passive and active move- 
ments. One cannot expect to accomplish much unless the treatments are 
regularly and'skilfully given over a long period of time. 
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CHAPTER YII 


MECHANOTHERAPY 
CblAR-LES Ricksher 

Physicians have many methods for restoring diseased organs and for 
rendering them capable of functioning properly. Formerly drugs and 
rest were considered the only methods available ; but, in the early part of 
the nineteenth century, Ling of Sweden formulated a series of exercises 
which would aid in restoring tone to the diseased parts by increasing the 
flow of blood through the muscles, and thus influence the general metab- 
olism. One may be said to be healthy when his organs are functionating 
properly. One of the most important general functions of the body is 
that of nutrition, by virtue of which waste is repaired and the body main- 
tains the integrity of its tissues and develops its different parts. The 
function of oxygenation and assimilation of food products is common 
to every living tissue, but in none of them does it reach such a high 
degree as in the muscles. 

About half the body weight is made up of the muscles, and they play 
a very great part in body nutrition. When exercised regularly they be- 
come developed and strengthened, and, as they develop, so do the other 
parts of the body. With insufficient exercise or non-use of the muscles 
they deteriorate, and the general health and the general resistance of the 
whole body decreases. One who takes exercise regularly and faithfully 
remains in much better physical and mental condition than one who lives 
a sedentary life. But, in order to be of value, the exercise should be 
regular and should not lead to great fatigue. Even moderate exercise, 
which would in no way affect a normal man, will have a bad effect on 
one suffering from some heart lesion or from advanced arterial disease. 
Walking may be injurious to the latter, because, in walking, many mus- 
cles are used, not only those used in locomotion, but those used in main- 
taining equilibrium. 

All gymnastic exercises demand the use, not of a single muscle or 
group of muscles, but call for the cooperation of a large number. In 
the ordinary gymnastic exercises we are unable to estimate exactly the 
amount of energy expended in the associated contractions of the co- 
operating muscles, even though we may measure fairly accurately the 
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amount necessary for the performance of any single ltmliou. In order- 
ing exercise for debilitated patients, and (‘specially those* sulTcring from 
cardiac disease, it, is necessary to recognize and to take into consideration 
the gross effect of the movements on the various organs. 

The general inlluenee of exercise* is, therefore, to develop the muscles 
and the other parts of the body, (kmtinuous active voluntary movements 
soon cause fatigue, lmt this will soon disappear if one uses passive, move- 
ments for a short time. This shows that the fatigue products caused 
by the muscular contract ions have been removed by the blood, and that 
tin* passive movements do not cause* as much tissue destruction as do the 
active ones. The increased muscular metabolism causes hunger and the 
production of heat, showing the direct cil’ect of exorcise upon the body 
economy. 

Tin* muscular action not only cutises increased strength and resistance 
to external disorders in the parts used, hut causes changes in the internal 
organs. Kxperieucc shows that exercise has a direct inti notice, upon the 
ilow of the blood, as evidenced in the increased pulse rate and Hushed 
skin. Kxercises increase blood pressure in the vessels in the muscles 
themselves, as well as in the larger vessels inside tin* chest, wall. The 
pressure of the contracting muscle tissue affects the veins as well as the 
arteries, and causes a slowing in tlie rah* of (low in the veins and an. 
increased pressure in the latter. The artery walls are firm and (lie de- 
crease in the size* of the lumen of the vessel is less than in Ihe veins. 
The valves of the heart prevent a regurgitation of the arterial blood, and 
it is hurried forward just as in the 'veins the valves present a rellux into 
the smaller vessels, and tin* blood is forced onward in tin* direction of 
tin* heart. Certain muscular movements cause 1 a lengthening or shorten- 
ing of the vessels, and the volume of blood is increased or diminished. In 
the neighborhood of the large joints the superficial vessels are hound 
down by flu* fascia, which tightens when the joints participate* in some 
movements, and causes the vessels to empty; and, as the movements cease 
and the fascia relaxes, the blood is sucked into the empty vessels. In 
thi< wnv is explained not only the general influence of exercise upon the 
blood stream, hut also the definite local action, increasing the ilow in a 
part or slowing the current in another. 

Tint besides this then* is a very important, influence upon blood for- 
mation and the preservation of the normal chemical constitution. In 
order that the blood he able to functionate with the greatest degree of 
efficiency, it must flow to the various parts of the body, obtain the sub- 
stances necessary for its own composition and for tin* nourishment of 
the whole body; and, to discharge its full duty, it must, remove broken- 
down material from the various parts and carry them to the proper ex- 
cretory organs, the skin, kidneys, lungs, etc. Tn this way the blood main- 
tains a certain average between the intake and output of the body. 
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Since, as we have shown, bodily movements have not only a general 
influence on the blood stream, but also a local action in various parts of 
the body, one would be warranted in drawing the conclusion that under 
certain conditions they would have a beneficial effect* in disturbances of 
health, especially in cases where the blood flow is disordered by some 
valvular or muscular defect. 

By means of systematic, well-ordered exercise, the size of the chest 
cavity is increased, more air is taken in, and the blood is more quickly 
oxygenated. The arterial trunks and the larger veins all Lend to be 
continuously dilated by the elastic pull of the lungs, a pull which increases 
at each inspiration. The elasticity of the lungs and the contractions of 
the muscles of inspiration thus lighten the work of the right ventricle 
as well as that of the left. 

The appetite is increased, and this usually means a general upbuild- 
ing of the whole body. While the majority of the muscles of deglutition 
and digestion arc of the involuntary type, they arc influenced to a great 
degree by the voluntary muscles, and, as the latter are strengthened, so 
is the involuntary musculature of the intestinal tract. 

The excretion of decomposition products is favored in every way. As 
the capacity of the lungs is increased, a larger amount of air is expelled 
and the blood is relieved of a larger amount of carbon-dioxid. The 
peristaltic movements in the intestine are quickened, and indigestible 
fecal masses are expelled. In this way constipation and its attendant 
inconveniences are avoided. Sweat secretion is stimulated, and much 
effete matter is thus discharged. 

Perhaps the most beneficial general effects of exercise are seen in the 
workings of the central nervous system. The irritability and tendency 
to emotional outbursts, the easy excitability and general timidity fre- 
quently seen in those who live a confined or sedentary life, are all absent 
in those who devote much time to active outdoor life, or who indulge in 
regular gymnastic work. In the latter the muscles respond more readily 
to stimuli, the movements are more prompt, and the desired action is 
performed more easily and with less expenditure of energy. 

The great disadvantage, however, of exercise, in which the patient is 
given certain movements which he is supposed to perform, or which some 
one aids him in performing, is that the energy expended cannot be cal- 
culated. The patient is too active and calls forth an excess of energy, 
or the assistant does not gauge his aid correctly. This led Zander to 
devise several pieces of apparatus by which the force and amplitude of 
each movement are determined precisely. By means of a movable weight 
the dosage is always determined beforehand, and it does not vary from 
day to day fas it would in a purely manual method), provided the bal- 
ance weight occupies the same position on the lever. There have been 
several kinds of mechanical apparatus put forward, each of which has 
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many supporters. J il America Dr. Sargent of Harvard lias a system 
devised for tin* cultivation of special groups of muscles. This system is 
not nearly so complete as some of those used in Kurope, hut. is of value 
in certain eases. The machines devised by Kmil Zander of Stockholm 
form the* most complete system of meehano-therapy at. present. II<*rz and 
Krukemberg have contrived systems which in many ways arc similar to 
Zander’s. The aim of all id’ these systems is to avoid the* use of an at- 
tendant, who, in the ordinary Swedish gymnastic exercises, must, lx* a 
skilled operator. 

I>y means of the machines active, passive*, and resisted movements, 
vibration, and percussion may he* performed at a much less cost to the 
patient, and, if a well-equipped “Institute" is at hand, with much more 
accuracy than hy manual methods. Since the Zander system is the most 
fully developed and the one most frequently used in this country, we 
will coniine our attention to it. The two classes of these machines are 
designed for the production of active, active-passive, and passive move- 
ments; and for vibration and massage. The latter two groups will be 
considered under the heading of mechanical percussion. 


ACTIVE APPARATUS 

The mechanical device hy which a properly graduated resistance is 
obtained in the so-called active machines, i. e., those which are set. in 
motion hy the muscular effort of the patient, in contradistinction to the 
passive machines which are operated hy a motor, is the raising of a 
weighted lever through an arc of ISO". When this lever hangs parpen- 
dieularly downward it requires hut slight force* to move* il out of the 
perpendicular; as it advances toward the horizontal position the effort 
required to move it onward rises to a maximum; as it proceeds toward a 
position perpendicularly upward, it again requires a diminishing amount 
of force* to continue its onward movement. 

This sinusoidal curve of resistance* e*orre*spemils very cleisedy with the*, 
curve* of the disposable* have* of a contracting muscle. Thus, in tin* ap- 
paratus A (>, for abduction of the arms, the resistance is the greatest, 
when the arm is abducted at an angle* of To degrees to SO dcgm>s, a point 
where* the greatest muscle strength is developed. And in every machine 
the* sinusoidal curve is so arranged, that tlu* greatest resistance comes at 
die point where* the greatest musede ] waver is developed. 

The* advantage's ehiimed for these maehines as slated hy van Dortmoinl 
are: (a) The direction of each movement is a lixed and determined 

one, and deuuuueK for its execution the* action <d‘ a single muscle group; 
(b) the amplitude nf each movement is regulated with the greatest exact- 
ness; (cl the const ruction of the apparatus is such that, during each 
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moment of the movement performed, the resistance of the apparatus cor- 
responds exactly to the amount of force disposable by the muscle, so that 
the muscular exertion is always equal, all through the course of the move- 
ment. 

The following list of active apparatus with the muscles used and 
respiratory rhythm is quoted from Hasebroeck (18) : 


Seeies A. — Active Movements oe the Arms 
A 1 . Lowering of the Arms ( Sideways ) 

Muscles used: Pectoralis major and minor, latissimns dorsi, teres 
major, posterior third of the deltoid, anconeus longns, rhomboideus, leva- 
tor anguli scapulas; also the flexor muscles of the trunk on the side of 
the movement, in order to avoid bending the trunk to the opposite side. 

Respiration: After deep inspiration, expiration during sinking, in- 
spiration during raising. 

A 2. Raising of Hie Arms ; Raising of the Shoulders 

1. Raising of the Arms. — Position a: Arms hanging at the side. 
Movement of the outstretched arms forward and upward, upward and 
backward, lowering them. 

Position b: Forearm flexed on the arm. Movement striking upward, 
downward. 

Muscles used: Shoulder, girdle, and arm muscles; deltoid, supra- 
spinatus, caput longum bicipitus ; serratus antieus, trapezius, triceps ; also 
in raising the outstretched arm forward, the long back muscles of fixa- 
tion and the maintenance of equilibrium. 

Respiration: Inspiration during raising, expiration during the down- 
ward movements. 

2. Raising of the Shoulders. — Position: Arm hanging by the side. 
Movement of the shoulder girdle above forward, upward and backward, 
downward to the position at beginning. 

Muscles: Upper half of the trapezius, pectoralis major, latissimus 
dorsi. 

Respiration: Inspiration during the whole movement, expiration in 
the pause. 


A 3. Bending of the Arms and Lowering the Same 

Muscles: Pectoralis major, latissimus dorsi, teres major, posterior 
third of the deltoid, anconeus longns, rhomboidei, leva!, or anguli scapulae, 
pectoralis minor, biceps brachii, brachialis internus. 
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Respiration : After deep inspiration, expiration during the drawing 
in of the hand-grips, expiration during tlu* upward movement of the arm. 



Fxo. 1 . — Zanuku Arr.vu.vTus row Bkndinu and Lowi;ui.v. thk Ahmb. 

Action on the thorax: Widening. 

A r . 13. — Chest out, elbows back. 


A 4. Slrelehiiuj of the Army Upward 

Muscles: Deltoid, supraspinal us, Irapezins (ehivienlo-aeromial por- 
tion), serratus antieits major, trieeps hraehii. 

Respiration: Inspiration during the upward, expiration during the 
downward, movement. 

N. Ih — Body slightly bent forward, ehest out. 
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A 5. Adduction of the Arms 
Muscles: Pectoralis major. 

Respiration: Inspiration during the adduction, expiration while the 
arms are returning to their original position. 

Action on the Thorax: Widening as well during the abduction as dur- 
ing the adduction. 



Fig. 2. — Zander Apparatus for Adduction and Abduction of the Arms. 

A 6. Adduction of the Arms 

Muscles: Latissimus dorsi, posterior third of the deltoid, trapezius, 
rhomboideus, pectoralis minor, serratus anticus major. 

Respiration: Inspiration during abduction, expiration during adduc- 
tion. 

Action on the Thorax: Resistance diminished against the inspiratory 
muscles. 
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A 7, a. Circlimj of the Arms 

Must* lot: Pectnralis major, hitissimus dorsi, tores major, rhomboidei 
or deltoid; supraspinal us, serratus antieus major. 

Respiration: Inspiration during the first and second, expiration dur- 
ing the third and fourth revolution. 


A 7, 1). ( i irclhitf of the Hands 

Muscles: A more* or less general use of the forearm muscles in a 
changing succession through the impulse to a change to an active-passive 
movement. 


A 8, a. Jlotation of the Arms, Vronttlimi and flit pi nation 

Muscles: Either tin* pronators of tin* hand and adductors of the arm 
or tie* supinators and abductors. Pronator teres and quadrat ns radialis 
interims, braebio-radialis, subsea pu laris, teres minor, lnlisMiims dorsi; 
or the supinator brevis, radialis externus longus and brevis, braebio- 
radialis, bleeps braehii, infraspinatus, teres minor. 


A 8 b. notation of the Arms (Aclirc-passire) 
Muscles: Tin* same as in A R, a. 


A 5). Flexion, of the Forearms 

Muscles: Those on the Hexur surface of the arms. Ilicops, hraehialis 
interims* hraehio-radialis, pronator teres, flexor digiloruin, communis, 
profunda, and suhtimis. 

Respiration : Inspiration during flexion, expiration during extension. 


A 10. Extension of the Forearms 

Muscles: Those on Hu* extensor surface of the arms, and the hack 
muscles which hold the arm against tin* apparatus. Triceps braehii and 
anconeus quart us, laiissimus dorsi. 

Respiration : Inspiration during extension, expiration during flexion. 

A\ II. — A 0 and A 10 may he combined, and by the insertion of a 
weighted pendulum may he changed to an active- passive apparatus. 
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A 11. Extension and Flexion of the Hands 

Muscles: The flexors and extensors of the hands. Radialis internus, 
palmaris longus, nlnaris internns, flexor digitorum communis, or the 
radialis externus longus and brevis nlnaris externns. 

Respiration: Inspiration during the active movement, expiration dur- 
ing the passive return of the hand. 

A 12. Extension and Flexion of the Fingers 

Muscles: Interossei and lumbricales (I phalanx), flexor sublimis digi- 
torum (II phalanx), flexor profundus digitorum (III phalanx), or the 
extensor communis digitorum, extensor indicis proprius. Extensor digiti 
quinti proprius (I phalanx), interossei and lumbricales (II and III 
phalanges). In isolated movements of the thumb the abductor pollieis 
longus et brevis, extensor pollieis longus et brevis (extension and abduc- 
tion) are used. The flexor pollieis longus et brevis, adductor pollieis, op- 
poneus pollieis are used in flexion, adduction, and opposition. 

Sebies B. — Active Movements oe the Legs 
B 1. Flexion of the Hip 

Muscles: Ilio-psoas, tensor fasciae latse, rectus femoris, sartorius. 

Respiration: Inspiration during flexion, expiration during the sinking 
of the leg. 


B 2. Extension of the Hip 

Muscles: Gluteus maximus, medius, and minimus; biceps femoris, 
semimembranosus, semitendinosus, gastrocnemius. 

Respiration: Inspiration during the extension, expiration during 
flexion. 


B 3. Hip-knee Flexion — Raising of the Hip 

Muscles: Eor hip-knee flexion — ilio-psoas, tensor fasciae latse, sartorius, 
biceps femoris, semimembranosus, semitendinosus, gracilis, tibialis anti- 
cus, extensor digitorum et hallucis longus, peroneus tertius, glutese. Eor 
raising the hip — Gluteus medius et minimus, sacrolumbalis, obliqui ab- 
dominis externus et internus. 

Respiration: Inspiration during extension of the leg; expiration dur- 
ing flexion. 
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B 4. (< 7 ) ////>-/, nc v fist elision ; (7j) Lotrcvmn o r ihe Tlip 

Hfuscles: For (a), glut rim uiuxiinus, medius, aiul the posterior one- 
third of tlic minimus, quadriceps fomoris, triceps suras penmens hmgus 



TWfc KNV-f,e«tCHE.M CO 


Pm. a. — Z andkh Apparatus for Hip-knbb Extknhion - an t i> for Lowkiuno thk TIip. 

rt brevis, tibialis posticus. For (1)), iliopsoas, peat iuens, adductors, sacro 
lumbalis, obliquus abdominis extermis and interims. 

Respiration : Inspiration during extension, expiration during return. 

B f>, a. Adduction. of the Leys, Sitting 
Muscles : Adductor*, gracilis, peetineus. 

Respiration: Inspiration during adduction, expiration during abduc- 
tion. 
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R 5, b. Adduction of the Legs , Half Reclining with Bent Knees 

Muscles: As in B 5, a. 

Respiration: As in B 5, a. 

B 6 . Abduction of the Legs 

Muscles: Glutens medius and minimus, pyriformis, obturator internus, 
gemelli. 

Respiration: Inspiration during abduction, expiration during adduc- 
tion. 

B 7. Cycling 

Muscles: Gluteus maximus, quadriceps femoris, triceps suroe. 

Respiration: About two revolutions to each inspiration and expiration. 

B 8. Rotation of the Legs 

Muscles: Quadriceps femoris, obturator, extemus and internus, pyri- 
formis, gemelli, posterior part of tbe gluteus medius, extensor digitorum 
longns, peroneus tertius, longus and brevis, abductor digiti quinti, gluteus 
medius, and anterior two-thirds of the glutens minimus, tensor fascise 
lata 1 , tibialis anticus and posticus, abductor hallucis. 

Respiration: Inspiration during the resistance movement, expiration 
during the withdrawal of the foot. 

B 9. Flexion of the Knees 

Muscles: Biceps, semimembranosus, semitendinosus, gracilis, sartorius, 
gastrocnemius. 

Respiration: Inspiration during flexion, expiration during the exten- 
sion. 

B 10. Extension of the Knees 

Muscles: Quadriceps femoris, and tensor fasciae latae. 

Respiration: Inspiration during extension, expiration during flexion. 

In the second half of the movement the abdominal muscles may be 
strained if care is not taken, especially in the case of women and weak 
persons. 

By the insertion of a pendulum the movement of the combined B 9 
and B 10 apparatus may be made an active-passive one. 

24 a 
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B 11. Fx tend on uml Fhwion of the Feel 

Muscles: (Jasirornoniius, voleus, tibialis posticus, peronous longus or 
tibialis nations, exlousnr digitormu ot hallueis Ioanns peronous. 



Jb'io. -A. — Zanduu Aiuwhatus voit CiutTMiirrTioN ov mti Foot. 

33 13. ( 'ircunuludion of the Fed 

Musdes: Tlu* same as in B 11. The thigh should be fixed. 

B 13. Spiral Turning of the Fed — Pronnlion and Fu pi nut ion of the 

Fed 

Muscles: (al Pronation — triceps .sura*, tibialis post ions, flexor digi- 
tormn, and hallueis loiigus. (b) Supination — peroncMis tortius, extensor 
digitorum b mgus, and tin* mesial half of the musculature of the sole of 
the feet. 
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Series 0. — -Active Movements of the Trunk 
0 1. Bending of the Trunk Forward, Sitting 

Muscles: Iliopsoas, tensor fascia? latae, rectus femoris, rectus abdom- 
inis, obliquus externus and internus. 

Respiration: After a deep inspiration in tbe starting position, expira- 
tion during the bending forward, then inspiration and expiration during 
recovery (during the latter part of the movement back the tension of the 
abdominal muscles favors expiration). 

C 2. Expansion of the Trunk, Sitting 

Muscles: Erector spinse, trapezius, rhomboidoi, levator anguli scap- 
ulae, latissimus dorsi, gluteus inaximus, biceps femoris, semimembranosus, 
semi ten dinosus As fixators of the knee joint, vastus lateralis and medi- 
al is ; of the ankle joint, triceps surge, tibialis posticus, peroncus longus and 
brevis. 

Respiration: Inspiration during the erection and inclination back- 
ward until the ’ hack touches the bench, expiration during the return 
movement to the first position. 

C 3. Bending and Raising the Trunk, Lying 

Muscles: Iliopsoas, tensor fascise latse, rectus femoris, rectus abdom- 
inis, obliquus externus and internus, transversus. 

Respiration: Deep inspiration in the lying position, expiration during 
the inclination forward and bending over ; inspiration while bending 
backward; expiration while sinking back to the lying position. 

0 4. Extension of the Trunk , Sitting with Stretched Legs 

Muscles: The same as in 0 2. However, in the earliest stage of the 
movement one finds a strong contraction of the gluteus maximus and the 
posterior thigh muscles. Eurthermore, contrary to 0 2, in the backward 
sinking of the trunk the counterpoise gradually overcomes the resistance 
so that the abdominal muscles are stimulated to a strong negative con- 
traction. 

Respiration: Inspiration during the inclination and sinking back- 
ward; expiration while inclining forward. 

N. H — Stop the sinking backward when the contraction of the ab- 
dominal muscles becomes noticeable. 
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C 5. Thctension of ike T runic. Standing 

Muscles: The* sumo as in Cl 2, yc*t In tho standing position the ex- 
tensors of the hack, tho erect ores spina*, will ho more inflnono.ed. 

Bcspi ration : Inspirat ion during tho backward movement, expiration 
during Iho forward movement. 

N. I>. — The thighs should not ho removed from the cross piece. 

O 0. Bending the Trunk Sideways 

Muscles: Quadratus Imnhorum, sorratns posticus inferior and inter- 
trnnsvorsarii as true llexors to the side. Ilioeostals, lova tores costaruin, 
and ohliqmis oxternus and interims as muscles which also have a back- 
ward drawing component. Latissimus dorsi, tores major and minor, poe- 
toralis major and minor, vhomhoidei, lower half of the trapezius, serratus 
antiens major, levator anguli scapula'. 

Respiration: Inspiration while hemling sideways; expiration while 
returning to the first position. 

Action on the Thorax: Widening of tho side which is not active. 

0 T. Jlotation of the Trunk 

Muscles: Obliquus abdominis interims, trausversus, serratus posticus 
inferior, semispinnlts dorsi, limit tliilns spina 1 , rot a tores dorsi, oblitpms 
exlernns, serratus antiens major, trapezius, rhomhoideus. 

Uvspiradtm: Deep inspiration in the lirsl position; expiration during 
the resisted turning; inspiration during the return to tho first position 
ami in the pause. 

0 8. Jlotation of the I’d vis 

Muscles: The same as in 0 *1. 

Respiration : Inspiration in the first position, expiration during tho 
resisted turning, inspiration during the return to the first position and 
in the pause. 

G 10. Bending of the Neck 

Muscles: In extension, the trapezius, splenii capitis efc eervicis, ilio- 
cnsfales eervicis, longissimi capitis and eervicis, scmispinalis eervicis and 
capitis, spinales eervicis, rectus ea]>itis posticus major and minor. In 
bending sideways the same muscles, and in addition the intevtrausversarii 
and rectus capitis lateralis. - In turning diagonally the slernoeloidomas- 
toidei, scaleni, longi colli, atlantis and capitis, rectus capitis anterior. 
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PASSIVE MOVEMENTS 

Passive movements is the term used to designate the movement of one 
or more joints in a methodical manner by means of some external force. 
This force may be the hands of the operator or some mechanical ap- 
paratus. They are used to break up adhesions in joints, pseudoankyloses, 
dissolve exudates, to correct atrophies due to disuse, and for motor dis- 
orders due to nervous diseases. 

In cases where severe muscular exercise is contraindicated, as in in- 
dividuals suffering from some forms of heart disease, or in certain nerv- 
ous diseases where it is impossible for the individual to perform active 
movements, as in hemiplegics and those suffering from a general neuritis, 
this form of exercise is of the greatest value. The muscles receive the 
greatest amount of exercise with the least exertion to the patient. In 
the cases where mechanical apparatus is used, the apparatus can be ac- 
curately gauged to the patient’s condition, and great fatigue is avoided. 

While each movement is limited by the apparatus, the attention of 
the operator can be directed to the respiration, time of movement, and 
the condition of the patient. In movements of the trunk especially, it is 
important that the rhythm of movement and that of the respiration should 
be fixed and definite. The respirations should he deep and correspond 
to the changes in the volume of the chest produced by the movement. 
In movements of the extremities it is not so necessary to watch the respir- 
ation. 

In the Zander system the apparatus is designed to he driven by elec- 
trical, gas, or steam power. The passive apparatus are as follows (18) : 

Series D. — Balancing Movements 

This series comprises the apparatus which are also called active-pas- 
sive, because, while the movement is caused by the moving apparatus, 
there is also a negative contraction of the muscles involved. 

D 1. Balancing of the Trunk (a) Forward \ a (b) Sideways 

Muscles: Eor (a) — The flexor and extensor muscles of the trunk and 
thigh, as in 0 1 and 0 2. Eor (b) — The muscles which bend the trunk 
sideways, as in 0 6. Also the flexor muscles of the legs for fixation of 
the thigh on the pelvis. 

Respiration: The highest possible adjustment to the rhythm of the 
movement so that there are two swinging movements to each inspiration 
and expiration. The movement lasts 1 to 3 minutes. 
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1> 2. Cirelinr/ of the Trunk, Ritiiny with Leys Closed 

Muscles: Tin* museles causing tWward, backward, and side. flexion 
(sot* (< 1, <’ 2, C ti, Ii 1, B 2). 

Respiration : As in l) 1. Tin* movement lusts t minute to eucli direc- 
tion. 



Era. 5.— Zanoku Aim* uteres koii ('mcMSti ok tuk I'honk, >Srra.\i. Kawjlkwaym. 
i> o. Cireliny of the Trunk , Rittiny Raddle ways 

Muscles: As in 1) 2, tin* position on the saddle also calls the muscles 
uJL’ the thighs inti) play. 

Jicspintlion: As in 1) 1 and I) 2. The* movement lasts one minute to 
each direct ion. 

The active apparatus A 7, a, A 7, b, A S, h, A 0 and A 10, B 7, B 0 
and B 10, B II, B 12, I) 10, may also be lined as active-passive apparatus. 

The following apparatus is used exclusively for passive movements: 
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Series E 

E 2. Extension and Flexion of the Hands ( Passively ) 

E 3. Adduction and Abduction of the Hands (. Passively ) 

E 4. Extension and Flexion of the Fingers ( Passively ) 

E 5. Circling of the Legs in the Hip- joint 

Action; Stretching of the joint capsule of the hip, knee, and ankle 
joints. Perhaps also some stretching of the sciatic nerve. 

E 6. Dilatation of the Chesty Artificial Breathing 

Action: Alternating stretching of the muscles and fascia of the ver- 
tebra and the walls of the thorax, so as to cause a dilatation. Stimula- 
tion to deep inspiration and filling of the apex of the lungs through pas- 
sive widening of the thorax, especially the upper part. Mobilization of 
a stiffened thorax. 

Respiration: Inspiration with the extension up to the point where 
the abdominal muscles become tense, then expiration during the return 
to the first position. The expiration if possible should be prolonged un- 
til the beginning of the next movement. 

E 7. Rotation of the Trunk ( Passively ) 

Action: Alternating stretching of the numerous ligaments and exten- 
sor muscles of the trunk. Mobilization of the vertebra and the lower 
thorax. Compression and expansion of the viscera, especially during 
inspiration. 

E 8. Raising of the Pelvis (a) Forward, (b) Sideways , (c) Lying 

Backward 

Action: For (a) — Lowering the pressure in abdominal cavity. In- 
creased blood flow to the diaphragm and into the thorax from the organs 
in the true pelvis, which is accomplished by the increased level from tho 
pressure from above and in front* Stretching of the ligaments holding 
the organs in the true pelvis. 

For (b) — Extension of the trunk and the stretching of those muscles 
which participate in a side movement of the thorax above the pelvis. 

For (c) — Only in men, passive pressure and extension cf the trunk 
from behind forward. Passive tension of the abdominal walls. 
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THERAPEUTIC USES OP THE VARIOUS APPARATUS 

'While the various movements and exercises an* designed primarily 
for (hose suffering from disease, they are of value to many people who 
have neither time nor inclination to take active outdoor exercise. For 
many men of sedentary luihits a course in the* various exercises causes a 
general toning up of the muscular ami nervous systems and allows them 
to do better work. 

In those suffering from general debility or convalescent, from some 
acute illness, mechanotherapy is a means of the greatest value in achiev- 
ing a definite cure. If at the beginning the patient; is not strong enough 
to perform the more nrlive exereises, passive movements, massage, and 
vibratory movements will aid in tolling up tin* general muscular and nerv- 
ous f\ stems. Later tin* active-passive ami active movements may be used 
with benefit. The exercises should he* of short, duration, and, in the old 
and very debilitated, should nl lirst In* used only two or three* times 
weekly. It. is of the* greatest importance to avoid fatigue*, and by a 
gradual progression and careful dosage mu* may achie*vt* this. 

In chlorosis and anemia the* exercises increase; the* capacity of the 
chest with consequent, increased oxygenation of flit; blood ami improve- 
ment of the general nutrition. The active-passive movements are used 
carefully, later followed by the active. Tu many eases of nose, bleeding 
the apparatus G I, 0 2, A 3, A *1 should he avoided, and only those pre- 
scribed which will tend to increase the circulation in the limbs and trunk. 

In gout there is some anomaly in the metabolic processes by which 
tlio products of incomplete oxidation accumulate in the blood. In these 
cases the increased oxidation caused by muscular work must do good. 
In the acute exacerbations rest, is indicated, but in the intervals, and 
for the removal of the gouty disposition, mechanotherapy practiced care- 
fully and systematically will cause many gouty subjects to remain a 
longer time from attacks. Massage, and passive, movements prevent the 
stiffening of the joints and tendons and the laying down of the chalky 
deposits. For the joints attacked by the disease rhythmical active-passive 
and passive movements are required. Manual massage is of value in the 
swollen joints used conjointly with the movements. 

In diabetes the therapeutic value of muscular exercise is recognized 
by all authorities. In the lighter forms systematic, well-supervised mus- 
cular exercise causes the sugar to disappear; and in the less severe eases 
there is a decrease in the amount excreted in the urine. The functional 
nervous troubles accompanying this disease arc usually supposed to he 
due to some autointoxication and disappear on the removal of the cause. 

In all forms of obesity any system of exercise is of great advantage. 
All the muscles of the body should take part in the movements, and con- 



THEKAPEUTIC USES 


349 


sequently the more generally recommended methods, such as walking and 
mountain climbing, are not of the highest value. The frequent complica- 
tion of fatty myocarditis requires careful observation, and for this rea- 
son indiscriminate exercise may be harmful. The movements of the 
trunk reduce the fatty abdomen, increase intestinal peristalsis, increase 
the visceral circulation, and tend to reduce the intra-abdominal pressure 
and to relieve the impairment of function of the diaphragm. In treat- 
ing the localized deposits of fat, the percussion apparatus in conjunction 
with exercise is required. 

In disease of the respiratory system exercise is of value in pre- 
venting, as well as in curing, disease. Physicians generally now recog- 
nize the importance of keeping the resistance of the lungs as high as pos- 
sible, and this can only be accomplished by widening the thorax so that 
the intake of air is increased. The active movements comprise the exer- 
cises designed to exercise and strengthen the muscles of respiration. The 
simplest exercise is to methodically take the deepest possible inspirations 
and expirations Avliilo silting or standing in the open air, repeated many 
times in a rhythmical manner. 

Eor strengthening the inspiratory muscles one employs the apparatus 
for raising and lowering the arms, A 1 and A 2 ; stretching the arms 
upward, A 3 ; for adduction and abduction of the arms, A 5 and A 6 ; 
abduction of the legs, B 6* extension of the hip, B 2; and bending the 
body forward, 0 1. 

Eor strengthening the expiratory muscles, one uses the apparatus for 
flexion and extension of the forearms, A 9 and A 10 ; flexion of the 
knees, B 9 ; adduction of the legs, B 5, a ; bending the trunk forward 
and sideways, 0 1 and C 6 ; and rotation of the pelvis, C 8. In all 
cases the weights should he carefully adjusted to the individual’s capacity, 
as in every other exercise. 

The passive widening of the thorax is performed either with the help 
of the shoulder girdle or through movements of the vertebra. The Zan- 
der apparatus, E 6, is of the greatest value in this exercise. Passive 
movements of the trunk act by rhythmical compression and expansion of 
the ribs, the chest and abdominal cavities are widened and narrowed. 

Prophylactically the movements are used in young individuals with 
weak, flat, poorly developed chests, or in persons who are inclined to 
frequent attacks of catarrh or diseases of the respiratory organs, thera- 
peutically in diseases of the lungs themselves. By means of this treat- 
ment we get general effects fitted to obviate the results of respiratory in- 
sufficiency, and to improve the general nutrition through the more com- 
plete oxygenation of the blood and local effects on the circulation, and 
on the nutrition of the lung tissue. 

In chronic bronchitis there is usually a tendency to superficial respira- 
tion and insufficient circulation. In patients suffering from this disease 
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daily exercise with respiratory exercises will improve their <*< nuli tion 
in a few months. After pleurisy and pneumonia, the ennvaleseonee is 
shorlened and tin* tendency toward adhesions is diminished hv the use 
of exereise. In chronic pleurisy the prompt return to deep ami energetic, 
respiratory movements is the only effective means of battling against the 
formation ot ndlusinns. In well-marked eases of pulmonary tuberculosis 
active* respiratory movements an* contraindicated, and they can bo used 
only in the* early stages. In emphysema the condition is frequently im- 
proved by betterment of tin* circulation. In bronchial asthma good rc- 
sults art* ohtainetl not only by the improvement of the respiration, which 
frequently is superficial and irregular, but also by the psychic effect of 
Ihe apparatus. 

For Ihe last hundred years the good results following systemalie exer- 
cises have been recognized in the tr<*atment of heart east's. Ling was the 
lirst. to devise a systematic series of ext'reises for (best* eases. In (lermany 
a eombination of baths and exercise known as tlio Schott 1 rent incut, has 
been used for the last twenty-live years. Recently, through t lit* work of 
Xehcl, the ineehanotherapeulie apparatus has been brought to tin* front, 
ami good results have been reported. Wide early spoke of the lessening 
of the work of the heart, by improvement of the weakened circulation. 
In speaking of this, Ihisebmeck says that it is important to recognize 
that the necessary increase in rapidity of the blood ilow can bo obtained 
by increasing the work of propulsion on the side of the central system 
as well as aspiration on the* side of the peripheral system. 

Zander's aim was in many ways similar to Oertel's, “emptying of 
tin* venous system by improvement of the general circulation, bettering 
the condition of the heart muscle, which is stimulated to increased activ- 
ity by a slowly increasing demand, and restoration or reconstruction of 
a compensatory hypertrophy.” Zander sought to empty tin* venous sys- 
tem by a better general circulatory condition, just, as did Ling. The 
Schott system aims ut increasing the tonicity of the heart, muscle, and 
tachycardia and dyspnea are carefully avoided. 

The action of muscular work must, la* sharply differentiated from the 
action of gymnastic movements. The increased rate of the blood stream 
in the movements is limited to the part of the body taking part in the 
movement, with tin* exception of movements of the trunk, which tend to 
increase the amount of blood in the right, ventricle. The sudden ovei- 
filling of the right heart is not desirable, since the pulmonary circulation 
is usually engorged, and bad results may follow such a contingency. 
Tin* active-passive movements arc* especially useful in cardiac cases, since 
they can he continued fur a long time* without fatiguing the* patient, and 
tend to calm the nervous and circulatory systems. The* active movements 
tend to increase the pressure in the peripheral circulation and increase 
the pulse rate. 
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In all acute stages of endocarditis and pericarditis, in acute and 
chronic inflammations of the heart muscle, in aneurysms and thrombi, 
rest is required and all exercises are contraindicated. 

In valvular defects, before compensation is established, rest is in- 
dicated; when compensation is established it is desirable to strengthen 
the heart muscle and to maintain equilibrium; while, in conditions of 
broken compensation, one must observe the action of the heart muscle as 
well as the valvular defects. 

The most frequent valvular defect is a mitral insufficiency. In the 
majority of cases compensation is easily established and maintained and 
occasionally the symptoms may entirely disappear. In this disease the 
rapidity of the contraction of the heart muscle is very important, and the 
aim of therapy is to strengthen and to slow the contractions. This is 
done by the use of mild active movements followed by passive movements, 
gradually increasing the dose of active movements so that the strength of 
the heart muscle is increased. 

In mitral stenosis the left ventricle is filled more slowly than nor- 
mally, and everything which tends to reduce the pulse rate should be 
avoided. In such a case one uses the movements which lead to an im- 
provement in the peripheral circulation, such as the pronation and supi- 
nation of the arm, A 8, a ; circling of the hand, A T, b ; circling of feet, 
B 12 ; pronation and supination of the feet, B 13. In order to strengthen 
the weakened left ventricle, one must gradually use active movements 
and carefully watch the pulse rate. 

In aortic insufficiency the heart hypertrophies to a great degree and 
its work is heavy. In such cases care should be taken to decrease the 
peripheral resistance as much as possible, and only exercises which tend 
to calm the heart should be used, such as A 11, hand flexion and exten- 
sion ; A 9, forearm flexion ; B 9, flexion of the knees, and B 10, extension 
of the knees. 

In fatty myocarditis movements which increase the work of the heart 
should be avoided, and all exercises should be carefully supervised. Such 
movements as B 7, cycling, are of value. 

Arteriosclerosis is frequently a factor in fatty myocarditis, and leads 
to an increased blood pressure. In such cases the kidneys especially are 
affected, and this leads to a general letting down of the resistance of the 
entire body. The general circulation is always more or less affected ; and 
the muscles, which normally contain a very large amount of the blood, 
cannot get rid of their waste products. By means of mechanotherapy 
the peripheral circulation is stimulated and a general improvement in 
the general condition results. When there is an arrhythmic or intermit- 
tent pulse, showing the presence of some degeneration of the heart muscle, 
especial care must be taken not to increase the work of the heart. When, 
however, the heart muscle is not seriously degenerated, although there 
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may Ik* some cardiac hypertrophy, active movements arc* of value, espe- 
cially those which cause a more active intestinal peristalsis. Vibration to 
the chest and abdomen is frequently indicated to cause a more regular 
heart beat and to stimulate the abdominal viscera. 

Gardiae neuroses arc generally a part of more general neurotic con- 
ditions and are much benetited by this system. Active exercises with 
considerable resistance, which may cause some palpitation at first., cause 
the heart to become inure quiet, and the rhythm more regular. The car- 
diac neurosis may he the beginning of an arteriosclerotic condition, or 
may he due to some gastric or intestinal disturbance. In such cases the 
treatment should be primarily for these conditions. 

Ghronic constipation, gastric dilatation, and the so-called hepatic con- 
gestion are disorders common to a large sedentary class. They are in 
part due to the lack of general exercise, and especially to a lack of move- 
ments which bring the abdominal muscles into play. Mere walking docs 
not cause them to bend the trunk forward, to stoop, to raise themselves 
again 1o an erect posture-- movements which would cause these muscles 
to contract. These conditions arc rarely found in the laboring classes 
who perforin hard work, but are especially common among those with 
occupations which require little exercise. In women who destroy the 
abdominal muscles by the use of corsets they are very frequently found. 

In chronic constipation um» is made of those methods which tend to 
provoke tin* spontaneous play of the iufrin-ie and extrinsic forces of 
peristalsis. Massage produces a rapid improvement of the condition, hut 
a more lasting effect is produced hv the exercises which tone up the ab- 
dominal muscles. In very severe eases, after u few weeks’ treatment 
without appreciable results, one should supplement the exercises with 
diet, hydrotherapy, and electricity. Ilaschrocek recommends the follow- 
ing apparatus: F 1, vibration of tin* different parts of tin* body; B <S, 
rotation of tin* legs; O 8, rotation of tin* pelvis; I) 1, balancing of tin* 
trunk; "K (>, dilatation of flu* chest; K .*>, circling of the legs in the hip 
joint; H 1, kneading of the abdomen; .1 t>, circular friction of the ab- 
domen; G 8, percussion of the legs. 

In the functional nervous disorders the* maintenance of nutrition and 
the improvement of the circulation are of great, value. The Weir 'Mitchell 
rest cure includes massage anil a certain number of passive exercises 
which are necessary for the improvement of the nutrition of the muscles. 
The psychic effect of a large mass of apparatus is not. to he ignored in 
these conditions. Very frequently the patients require some tangible 
evidence that they are being treated, and this is supplied by any of flu* 
pieces of apparatus. In weak patients pa^ivc movements only should he 
used at. first, hut the active movements should he added as soon as pos- 
sible. In the patients who are not debilitated the active exercises may he 
begun at once. The movements involving the upper extremity with slight 
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resistance train the patient to pay attention to the rhyt hm and increase 
his will power. At the same time his attention is taken off his own 
illness. In hysteria with respiratory seizures, movements involving the 
respiratory organs and requiring a regular re'spiration are of value, not 
only in the mental training received, hut also in the formation of habits 
of correct breathing. 

In disorders of the sensory nerves vibration and massage are of the 
most value, and these disorders will be treated under that heading. How- 
ever, the general physical condition is also to be observed and the general 
nutrition improved by the use of the more generalized movements. 

Motor disorders are treated by active as well as by passive move- 
ments. Contractures are especially frequent in the various forms of 
peripheral neuritis, traumatic myelitis, and certain forms of apoplexy, 
and may be actively combated by means of the active-passive and passive 
movements. In conditions in which there is extensor weakness of the 
foot the apparatus B 12, for circumduction of the feet, is especially 
useful. By its use the normal movements of the foot are more quickly 
regained than by any other exercise. In spastic conditions some benefit 
may be gained by strengthening the antagonists of the muscles involved, 
but the improvement is usually of short duration. In tabes the hypotonia 
is often marked, and this, as well as the general circulatory condition, 
may be improved by means of mechanical exercise. The general vibra- 
tory movements, in conjunction with Frenkel’s exercises, are of special 
value in this disease. 

MECHANICAL PERCUSSION 

By this term is meant the more or less rapid tapping of the body by 
means of a specially constructed instrument. The rapidity and force 
of the blows can be more accurately determined in this way, and they 
can be kept up for a longer time than in manual percussion. 

The action of the percussion is essentially that of exciting muscular 
contractions, and especially affects the fibriHse. Not only the superficial 
muscles are affected, but also even the underlying involuntary muscles. 
Kumpf has studied the action of percussion on the uterus and has found 
that it becomes harder, nears a spherical form, and decreases in length. 

Mechanical stimuli act on nerves, if they can change the form of 
the nerve with a certain rapidity. Sensory nerves react with a painful 
sensation, motor nerves with a contraction of the part affected. On the 
blood vessels weak stimuli cause constriction, strong ones a dilatation fol- 
lowing a transitory constriction. The hyperemia, so caused, is of espe- 
cial benefit in causing the absorption of pathological transudates and 
exudates. The secretory and excretory glands are stimulated by percus- 



MTCPITA XOTllEKATY 


«r»4 

sion of from five* to (on minutes, flu* secretions being especially rich in 
water and lucking many or containing a les>s amount, of the specific: sub- 
stances. 

Lange has determined that slow percussions, up to a few hundred 
a minute, cause predominating mechanical action, very rapid strokes, of 
several thousand per minute, show an action corresponding to the use of 
a strong faradic current. Medium frequency causes an action between 
the two extremes. Long continuance of a medium frequency causes the 
same effect as a high frequency. 

Vibratory massage in general lias the same effect as manual, but it 
has the advantage of allowing itself to be more circumscribed and its 
action is usually more intense*. The indications for it are the same as in 
manual massage, i. c., to increase muscle strength, to stimulate* metubedism, 
to cause* the* resolution of transudates ami exudates, to break up adhesions, 
and to stimulate* the circulation to a part. 

According in Hum, its use* is cnutruiudieutcel in eivery disease* proe*ess 
in which products harmful to the* organism are* sot free* in the blood 
stream, as in acute* inflammations, aneurysms, venous thrombi, malig- 
nant new growths, tuberculosis, syphilitic processes, gonorrhea, acute 
rheumatism, intoxications, etc. Its use is also cemtruinelicutcel in ulcer- 
ated conditions of internal organs, as the sfemiach. Persons in advanced 
slagvs of arteriosclerosis should not he* treat eel by this means. And in 
no <*asc should a physician use this form of massage until he is sure of 
his diagnosis. The* opportunity to de> harm he*re* is, as in every other 
me*elianieal pre»eedure, toe> great to allow one to take: chances. 


Apparatus 

The earlier forms of percussion apparatus were run by hand or foot 
power, hut they were not satisfaetewy, as not. c*nough spe*ed could he* 
rcaeheel, and the* powe*r could not he* so long kept up as is de*sire*d. Pom- 
presM*d air and carbonic acid gas have* also been used as motive power, 
and some of the* manufacturers have* been very successful. 

fn this country, lmwever, the* e*le*ctrie*ally opcrutcel apparatus is prob- 
ahly tlu* best and most convenient. There* are many forms on the mar- 
bet at various prices; but the c*he*ap ones arc apt to be* unsatisfactory. 
Many of the* portable vibrators are* very undesirable; they wear out quick- 
ly and transmit so much vibration to the* hand of the opera ten* that they 
cannot be* used for the length ed* time* noee*ssarv. Various sized knobs, 
discs, rollers, and balls are ust»d to transmit tlie* vibration to the various 
parts of tin* body. 

The apparatus is best use*d on the bare skin, tlu* patient sitting or 
lying, so that every part is easily accessible. The* apparatus should at 
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first be used with light pressure, which may be gradually increased. If 
the part is painful, the surrounding area should be treated, and the 
painful spot gradually approached. The patient’s face should be watched 
m order to observe whether or not there is much pain. 

Zander has also invented apparatus for percussion and general vibra- 
tion, kneading of the abdomen, and friction. ' In all of this apparatus, 



Fio. 0 . — One Form of Mechanical Vibrator with Stand. 

Electricity is used for motive force. 

while the general effect is that produced by the smaller vibrator, there 
are also more general effects. The effect of horse-back riding— -the gen- 
eral vibration of the whole body — can be obtained by his apparatus desig- 
nated as F 2 — while a more local vibration has only a superficial effect. 
The entire mucous membrane of the various parts of the body is stim- 
ulated, gastric and intestinal peristalsis is increased, and the voluntary 
musculature is toned np. Hasebroeck has found that in the circulatory 
system vibration causes: 

I. — A decrease in the pulse frequency. 

II. — Vasomotor heightening of the arterial tension. 

III. — -Increase in tonicity of the heart musculature. 

IV. — Increase in the blood pressure. 

As a therapeutic appliance the mechanical vibration has been used 
for disorders of every part of the body, and often with much success. In 
some diseases of the nose, ears, and eyes the chronic conditions are re- 
lieved to a great extent by treatments over a period of several weeks. 
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Ozena, chronic catarrh of the oustnchiau tube, chronic* middle-oar disease 
chronic forms ot iritis, iridoehorioiditi", and chorioretinitis arc anion”' 
tlio disorders which arc greatly relieved hy mechanical massage. 

Excellent results are reported in disorders of the heart and circn- 
hitorv apparatus. While the oxerei.-es of Lin**’ and the mechanotherapy 



Fin, 7. — Zvxdbh Apparatus for Mkcicvnical 

of Zander have more inlluenee on those conditions, localized pereussion is 
often of some value — by decreasing the circulatory disorder and lessen- 
ing, in that wav, the work of the heart. 

Witthaucr gives the following conditions in which vibration massage 
is indicated: 

1. Tn all kinds of weakened conditions of tlie heart in which it is 
world ng man flic i on tly. 

2. In valvular disorders with disturbed compensation. 
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3. In hypertrophy and dilatation, idiopathic or secondary, -when the 
heart muscle is insufficient for the increased work. 

4. Light chronic myocarditis. 

5. Adipose hearts. 

6. Heart neuroses. 



Fig. 8. — Zander Apparatus to Obtain the Effect of Horseback Riding. 

It is contraindicated in arteriosclerosis and aneurysms. 

In direct vibration the plate is first lightly placed on the neck, then 
gradually passing down over the ribs and sternum, especially over the 
regions of the larger veins, each treatment lasting 2-3 minutes. 

By the indirect form of massage we mean massage of those parts 
of the body in which circulation is influenced, as in the abdomen; and 
general muscle massage in which a general cutaneous hyperemia is caused. 

In stomach and intestinal disorders mechanical vibration is especially 
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valuable*. In conditions in which there is a lessen(*d 1101 production, u 
long-ei ud inued vibration over the gastric region causes an increase in the 
flow with relief from tli<* symptoms, after all medical and dielelio meas- 
ures have faik‘d. In dilatation and atony of the stomach a large per- 
cussing surface should be used, and the duration of the treatment should 
not be over five minutes, as longer treatments cause an excess in the se- 
cret ion of 1 1 < 1 1 which is already usually increased in these conditions. 
With massage should go dietetic measures. The meals should he small 
and frequent, 1 lie* bowels well regulated, and too much tin id avoided. 

Wilthauor has had exceptionally good results with vibratory mas- 
sage in eases of floating kidney, especially when of a mild degree. 3Io 
uses comparatively slow vibrations on the abdominal wall, then presses 
the plate over the kidney, and dually brings the plate in rapid swings 
over the region in order to cause contraction of flu* elastic, elements in 
the neighborhood of tin* kidney and the abdominal walls; and the same 
movements are made over the hack in tin* lumbar region, lasting about 
throe minutes. 

In gynecology the indications for mechanical vibratory massage are 
the same as for manual massage. It is contraindicated in all acute and 
subacute inflammatory processes, especially gonorrhea and in malignant 
growths. In parametritis, suhinvolution of the uterus, and chronic met- 
ritis vibration of the abdominal wall is of value in tlu* restoration of 
normal conditions. The men specializing in gynecology make use of 
vibration of the uterus directly for a. number of conditions; for ibis 
purpose special apparatus and careful technique are necessary. 

In neuralgia and other disorders of the sensory nerves very good 
results have been reported. In trigeminal neuralgia Ilohnbniim reports 
that, in several cases, the pain in tin* part, supplied by the supraorbital 
branch is diminished in a short time. lit* places the plate of the vibra- 
tor over the supraorbital foramen, uses moderate pressure, and gives a 
treatment lasting three to five minutes. In occipital neuralgia one places 
the vibratory plate over the nock muscles and over tlu* foramina of exit 
of the nerves on both sides. 

In sciatica the indications for vibration are marked, and better re- 
sults are obtained, as a rule, in this disorder than in any other nervous 
trouble. In the acute stages rest is indicated. Til the more chronic and 
subacute stages vibration over the tender points and over the pelvic and 
lumbar muscles is useful. Deep vibration with a small plate between the 
tuberosity of the ischium and the trochanter causes n preliminary pain 
sensation, which is succeeded by a feeling of relief. In addition to 
vibration, the movements of the legs, 15 H, rotation, T5 4, hip-knee exten- 
sion, anil 15 2, extension of the hip, should be used. 

In the hysterical pains and paralyses vibration massage has been 
used with good results. In the hysterical cramp of the esophagus and 
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pharynx, in the condition known as globus hystericus, vibration over the 
larynx and neck will frequently cut the paroxysm short. The psychic 
effect is undoubtedly the principal cause of this improvement. 

In the rheumatic conditions and in the muscular atrophies following 
neuritis and non-use vibration massage probably has the same effect as 
does the, manual form. The exudates in rheumatic joint conditions are 
probably more quickly influenced by vibratory massage than by manual. 
It can be more localized and the effect is not so superficial as in that 
form. 


SUSPENSION 

The use of the apparatus devised by Sayre for the suspension of the 
body, for the purpose of applying plaster casts in cases of tuberculosis of 



Fig. 9. — Showing One Wat of Applying Suspension. 


the spine, has also been extended to other disorders. The action of this 
apparatus is to cause an expansion of the intervertebral discs and also a 
thinning of the nerve roots of the spinal nerves. In this way meningeal 
adhesions are broken up and meningeal thickenings are absorbed. 
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In applying suspension the patient may either stand or sit; the chin 
should lx* well padded, as severe pains in the jaws sometimes result when 
the chin-strap presses too severely. Tin* weight to ho applied varies ac- 
cording to the duration of the treatment. If it is very short, the patient 
may lx 4 suspended so that his toes barely touch the iioor; if of some min- 
utes' duration a weight of from twenty to tifty pounds will he found to 
be quite sutlieient. To determine the weight exactly a dynamometer 
should he placed above the* hook on the cross bar. There are apparatus 
consisting only of the head and arm bands, and variable weights con- 
nected by a cord passing over a pulley. Oil this form the weights may 
lx* easily changed to suit, conditions. The treatments at first. should be 
of short duration, one to three minutes; later, when the weight is not too 
groat, the duration may be* extended to five* or ten and sometimes even up 
1o fifteen minutes. 

While the patient is suspended, there is an increase in the blood pres- 
sure and pulse frequency, and sometimes a slight elevation of the tem- 
perature. After being suspended for some time the patients complai’i 
of pain in the jaw and teeth radiating upward, a feeling of pressure in 
the hack of the head, vertigo and pain in the hack. 

The procedure is contraindicated in patients suffering from valvular 
heart disease, arteriosclerosis or myocarditis, pulmonary disorders, or 
myelitis. In those with acute or subacute inflammatory disease of the 
spinal meninges suspension may cause an increase in tin* symptoms and 
an extension of the process. 

ll has been of value in relieving the shooting pains in tabetics, and 
some authors report that the ataxia and general condition arc also im- 
proved. Hogrolf reported improvement, in :M<> of if.SP eases of tabes 
treated by this method. In the early stages of tabes it, is contrain- 
dicated, and may cause harm. 

Lateral sclerosis, paralysis agitans, and sciatica arc sometimes much 
improved by t his treatment ; while neurasthenia, traumatic neuroses, and 
insomnia are much benefited. The 4 method has been used in a rather 
obscure group of cases, in which pain in tin* course 1 of certain of the nerve 
trunks, especially those* from the brachial plexus, is a preuniuent and 
usually the* only symptom complained of. Radiographic studies of the 
vertebra seem to show that in these e*ase*s there* is a narrowing of the 
intervertebral foramina; ami it has b<*cii suggested that the* pain is due 
to pressure 4 on tin* nerve* trunk — which might be* relieveel by suspension. 
Only a very small group e»f tlie»se eases have* he*en so treated, but the re*- 
sults in these do not. warrant the belief that the method will be of great 
value. 
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CHAPTER VIII 
ELECTROTHERAPEUTICS 
WixiLiam Penh am Snow 

The present-day consideration of electrotherapeutics views the sub- 
ject from very different points of view from that of even a few years ago. 
Improvements in apparatus, technique, and the knowledge of physiolog- 
ical effects and therapeutic indications for the employment of the various 
electrical modalities or methods of application have given the subject 
a new impetus, placing it upon a substantial, scientific, and enduring 
basis. 

There is so much of value in the consideration of methods of applica- 
tion, physiological action, and therapeutics that to consider the physics 
of electricity in the limited space allotted to the subject does not seem 
practicable. There are, however, a few terms in common use in electro- 
therapeutics which, to those not familiar with the subject, will require 
explanation. 

Definition and Explanation of Terms. — Electricity has been variously 
considered during the years that its active properties have been under- 
stood. It has been left, however, for the latter day investigators, since 
the discovery of radium, to discover its true nature. It seems now to 
have been demonstrated to the satisfaction of modem investigators, though 
difficult to accept by many of the veteran workers, that it is composed 
of electrons which are actual substance. This was discovered when 
Sylvanus P. Thomson demonstrated that the atom of hydrogen had been 
resolved into a little more than 800 electrons. Oliver Lodge has since 
said that these electrons are “the substance of which matter is made.” 

Electricity has been defined by Professor Samuel Sheldon, of the 
Brooklyn Polytechnic, as “A material agency which, when in motion, 
exhibits magnetic, chemical, and thermal effects, and when at rest or in 
motion exerts a force upon other electricity. Recent investigations in- 
dicate that it is discrete or granular in nature, and there may he two 
kinds, namely, positive and negative.” 

The direction of the current has been shown, furthermore, to he in 
the opposite direction to that which it was believed to he by the early 
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observers, when it was said that. the current, passed from positive to 
negative. It is now clearly demonstrated that the negative electrons pass 
toward the positive in tin 1 cathode stream, and that the current- ilows 
in that direction. Furthermore, it is dillicult to determine whether the 
electrons do not pass in both directions, i. e.. Inward each oilier — the 
negative toward the positive, and tin* positive toward tin* negative — as 
stated elsewhere in connection with the consideration of electrolysis. As 
one watches the discharges from the two opposite terminals of a Holtz 
machine in a darkened room, it would seem that the electrons art 1 start- 
ing’ out from both poles, and that they were probably passing through 
(lit* dark field between the two poles toward each other, in accordance 
with flu* laws of attraction by which oppositely charged bodies seek to 
approach each other, while* like charged hot lies art* repellent, to each 
other. We have here the suggestion of the passage of electrons from 
both terminals. 

A delinitc consideration of the various properties of elect ricity which 
must constitute a thorough consideration of the subject must recognize 
throe factors: (I) amperage or current strength; ( ) voltage, also 

designated potential, or ( K. M. FA the pressure condition of the current, 
or its capacitv jo overcome resistance; and (•*») resistance offered to the 

V 

passage of the current. So wo have Ohm’s law: <’ This formula 

may he transformed into various arrangements hv transposition, accord- 
ing to the conditions to he considered. For instance, we may say that, 

Y Y 

if (L- then U etc. One law proven practical follows: When 

overcoming’ a given resistance, the heat produced varies as the square of 
the current; in other words, when anting through a resistance of one ohm, 
four times as much heat will he produced as by the passage of one (O'-K). 
Wo might give numerous laws of the physics of the relation of llieso 
formula*. In a medical work, however, the writer does not see any spe- 
cial advantage to he obtained from the consideration of the higher mathe- 
matics us concerns electrical currents. 

VnHatjr may he defined as the difference of electrical potential; the 
analogue of difference of pressure in hydrostatics or hydraulics. 

.1 — Strength of tin* electrical current expressed in amperes. 

Frctfiicnrjf.- The rate of oscillation of alternation in an alternating 
current circuit, in contradistinction to periodicity in the interruptions or 
regular variations of current in a direct current circuit. 

Pvriodu'ttif. — The rati* of rise and fall or interruption of an unidi- 
rectional current, in contradistinction to the frequency of an alternating 
current. 

Ohm's Lair . — The strength of the current varies directly as the ap- 
plied electromotive force, and inversely as the resistance of the circuit; 
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or, the current, expressed in amperes, equals the electromotive force, in 

volts, divided by the resistance in ohms (C==^-). 

R 


Resistance. — The opposing influence of a body (solid, liquid, or 
gaseous) to the expenditure of electrical potential. It is expressed in 
ohms; one ohm of resistance will permit the flow of a current of one 
ampere as the result of a pressure of one volt. The effect of the ex- 
penditure of electrical energy in resistance is to make it appear as heat. 

Walt. — The product of the voltage by the amperes. With a 110-volt 
current of 5 amperes we have 110 volts x 5 amperes equals 550 watts, or 
about 2/3 of an electrical horse power. 

Following out the suggestions of these definitions, there are certain 
questions which arise. The nomenclature adojited a few years since by 
the engineers, and later by the American Electrotherapeutic Association, 
limited the term '‘frequency” to alternating currents or oscillatory cur- 
rents, which may be represented as in Fig. 1. 
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Fig. 1. — High Frequency Oscillation. 


The term periodicity has been used to refer to the rate of interrup- 
tion or make and break of a unidirectional current circuit. We there- 
fore speak of a current of high periodicity , meaning that a rapidly in- 
terrupted current is passing in one direction. We speak of currents with 
reference to direction as alternating and direct . 

Alternating currents may be of high frequency, and the waves or 
character of oscillation may vary markedly, according to the conditions 
of the circuit in which they are produced; from the uniform sine wave 
of the sinusoidal current, Fig. 2, to the wave in which the summit is 
largely on one side of the neutral line, as shown in Fig. 3. In the latter 
the current becomes very nearly directional in character, the lower curve 
representing the inverse or lag of the current, as of the current of the 
Ruhmkorff coil. 
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*t pulsatory current is a directional current in which the waves have 
a recurrent rise and fall usually uniform. 

There are various other differences in the characteristics of currents, 



depending upon the character of the make and break or interruption in 
the circuit. The 1 current from the coarse win* Farad ic battery would he 
indicated by Fig. 4, the lines of interruption are abrupt or sharp, and 



tin* sensations produced with such a current are relatively painful, ac- 
cording to the frequency at which the alternations occur, the disagree- 
able effect being loss as the frequency is more. 



Fig. 4. 


A hiyh frequency current is an oscillating current in which tin* rate 
of oscillation is such that no perceptible tissue response is produced at 
approximately a rate of 10,000 per second. Above that, rate tin* current 
produces only the effects arising from the passage of tilt* electrons through 
the tissues. 

The constant current may be deiined as a current of uniform current 
strength flowing in one direction. 
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APPARATUS 

Great changes have taken place in the types and features of con- 
struction of electrotherapeutic apparatus during recent years. The ap- 
paratus now in common use consists of the modern types of static ma- 
chines, various X-ray coils and transformers of great capacity, and im- 
proved wall plates and transformers for employment with the constant 
current, besides various types of sinusoidal apparatus. 

Static Machines. — The modern types of static machine comprise the 
Holtz, the Toepler-Holtz, and Wimshurst machines, which have varying 
advantages and disadvantages. 

The TIoltz machine , of which the Toepler-Holtz is a modern modifi- 
cation, probably possesses most general advantages for the specific use 
of the static current. The distinctive feature consists mainly in 
the arrangement of the stationary plates. Two long, narrow plates be- 
ing placed above and below, separated by an air gap approximately four 
inches in width, which are placed between adjoining revolving plates. 
This arrangement insulates the two fields from each other by an air 
space, and increases the internal resistance of the machine, rendering 
it possible to produce at the spark-gap, under otherwise favorable con- 
ditions, a very long and steady spark discharge, as is required for the 
treatment of some conditions with the static current. That the current 
output of a Holtz machine is not quite so large under otherwise similar 
conditions as that of a Toepler-Holtz machine is another advantage when 
administering the current for its mechanical effects for the requisite 
twenty-minute period. 

Coils and Transformers. — The discovery of the Roentgen ray, with 
the ever-increasing demands for rapid radiography, has tended to the 
production of very powerful types of Ruhmkorff coils — larger even than 
those required for long distance wireless telegraphy. These coils have 
occupied an important place for this purpose, until recent times, when the 
employment of the Lemp machines (Fig. 5) or interrupter less apparatus 
was introduced. This apparatus combines the rotary principle and takes 
from the alternating current apparatus the summit of the waves, ac- 
cumulating on either side the opposite polarities, thereby producing a 
unidirectional current, getting rid of the objectionable inverse of the 
Ruhmkorff coil. These machines, with varying modifications, have been 
put upon the market by nearly all the manufacturers of X-ray apparatus. 

This last type of transformer combines a rotary converter with 
a closed circuit transformer for raising the potential of the current, 
and produces unidirectional currents without lag or inverse, rendering 
them invaluable for X-ray and therapeutic purposes. 

Another type of high frequency transformer has been manufactured 
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fur producing fairly low potential nirmils nf fairly high amperage, with- 
uul reference In current direct ion. The object. of this apparatus is tho 
production nf thermic effects upon the tiroes, which has been designated 
hy Xagelselimidl as ‘"diathermic." This term, however, in the writer’s 
judgment, is burdening therapeutics with smother name which is not 
distinctive from a therapeutic point of view, as the thermic action of tho 
current is for the induct ion of hyperemia, a d'Arsouval arrangement 
and solenoid always playing a part in the circuit. 

Other it/ pen of hitfh frequency npparahtn have* been devised, which are 
designated Tenia apparatus. These take the current from alternating 



current, sources, and, instead of transforming it into a direct, current, 
require a rotary converter when the commercial current is direct. These 
transformers are manufactured both in tbs* form of otUce cabinet* and 
portable coils. While the current, produced is not the saint* as that 
derived from unidirectional current apparatus, they do produce thermic, 
effects of a satisfactory character, lower Mood pressure, and are of prac- 
tical utility with specially designed X-ray tubes for list* with the X-ray, 
hut are not designed to do rapid radiography. One advantage of these 
recently developed transformers over tin* RuhmknrfT coil is that they all 
dispense with au interrupter. 

Tnfrrruptern have always been the greatest obstacle to successful work 
with the Ruhmkorff coil, either for producing tin* X-ray or high fre- 
quency currents; but latterly very perfect types of interrupters have been 
invented of ihe Wehnelt type, and also mechanical interrupters. 
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At the present time one great disadvantage is experienced by physi- 
cians in the tendency to the construction of commercial circuits of the 
alternating type throughout the country. This is particularly a disad- 
vantage in the employment of the modern types of interrupterless trans- 
formers, except for the alternating current types of transformer re- 
ferred to. 

The motor dynamo, though a rather expensive part of an outfit, is 
almost indispensable for use in connection with these rapid radiographic 
devices for conversion of the alternating into the direct current. The 
motor dynamo comprises an alternating current motor operated on the 
same shaft with a direct current dynamo. 

A resonator for high frequency transformation of the current con- 
sists of an arrangement of two Leyden jars connected with the primary 
sources of the current from any high potential source, static or trans- 
former, placed in series with a spark-gap and provided with a d’Arsonval 
solenoid connecting the outer coatings of the two Leyden jars. The ob- 
ject of a resonator is the conversion of a current from a static machine, 
coil, or transformer into a high frequency current. To one side of the 
d’Arsonval solenoid may he connected one terminal of another solenoid 
or coil, for raising the potential or voltage of the current. From the 
other terminal a one-pole current may be administered. This current 
is known as the Oudin current, the object of which is to produce a dis- 
charge of high potential, giving off a long effleuve, or sparks. In thera- 
peutics the Oudin current possesses very little advantage as a Iherapeutic 
measure, except for fulgeration; because these currents are better adapted 
to produce thermic effects, which requires a current of greater amperage 
and lower potential, as the d’Arsonval current. The special requirements 
for the administration of these various currents are shown in the parts 
of the chapter devoted to therapeutics. 

Wall Plates. — The constant current wall 'plate may be used in connec- 
tion with a series of galvanic cells, or from a direct current source, either 
from the commercial circuit or from a motor dynamo used for transform- 
ing the alternating to the direct current. It matters not for effect what 
is the source of the direct current — battery, commercial circuit, or trans- 
former; for, in the modern type of apparatus, with the modern currents, 
the effects of the direct current are uniformly steady and constant as 
employed with the office wall plate. 

Electrodes and other special devices will be considered in connection 
with demonstrations for their employment. 

PHYSICAL EFFECTS OF ELECTRICITY 

The physical effects of electricity which concern the physiologist and 
therapeutist are included in the three characteristic effects of electrical 
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oum'iils, common i<* their action under otherwise favorable conditions, 
viz., the electrolytic, mechanical, and thermic effects. 

Electrolytic Effects. — Klcctrnlysi* is that property of an electrical cur- 
rent by which it. effects the dissociation of ions or atoms with the for- 
mation of new chemical combination* in an electrolyte. In other words, 
the current produces electrical decomposition and ionization whereby 
tin* character of chemical substances is altered, and conveyed hv the elec- 
trons in (he direction of the current. 

Electrolytic action is derived practically from the* constant or direct 
current — a current of relatively large amperage and low potential or 
voltages as applied in therapeutics. 

Thermic Effects. — The thermic action of electricity is duo generally 
to the passage of currents through tissues or substances which offer re- 
sistance to their passage. This is true of all currents to a degree rela- 
tive to the current strength or amperage. Tin* constant and high fre- 
quency currents are peculiarly active in this respect. In ihcrapeul ies 
the employment of the high frequency currents is preferred for produc- 
ing heat in the tissues, because they do so without electrolytic action, 
whereas the constant current not alone heats tin* tissues, hut produces a 
degree of chemical decomposition in its passage which may often ho 
detrimental to the integrity of the tissues and their functions. Further- 
more, high frequency currents in their passage through resistant bodies 
produce a degree* of heat out of proportion to the current passing. This 
phenomenon is accounted for by the oscillatory character of the cur- 
rent, whereby the atoms are set in a state of very rapid vibration, another 
vibration which accentuates the heat vibrations. 

Mechanical Effects.- — The mechanical effects of electricity may In* de- 
rived from all currents; for, wherever either of the previous effects, elec- 
trolytic or thermic, are produced, then* is an increased cell activity, due 
to the passage of the. electrons through tin* tissues; for these electrons, 
iniinitesimal though they are, must hi* considered a* matter passing 
through matter. These minute bodies pass in very great numbers. The 
substantial character of the clcclron must he always taken into considera- 
tion. 

The ap/uTritihlr mrrlitinirnl cf'frcftt an* due to the influence of elec- 
trical currents under changes of potential making and breaking the 
current — whereby muscular cell or tissue pulsations an* induced, effect- 
ing mechanical movements which physically intluenee functional ac- 
tivities. 


PHYSIOLOGICAL EFFECTS OF ELECTRICITY 


The physiological effects of electricity, considered from the point of 
view of the three characteristic physical properties of the current, afford 
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a field rich in possibilities, inducing, as they do, definite physical re- 
sponses in the organism, which are capable of producing marked struc- 
tural changes and increased metabolism. 

The study of the effects of electricity upon animal tissues is the study 
of reflex or responsive action to its stimulating influences. 

The accidental discovery by Galvani of the response of muscular tis- 
sue to nervous stimulation led to the discovery of the constant current, 
which was for a long time, and is often now, designated as the Galvanic 
current. 

Muscular Response to Nervous Irritation. — Whenever a nerve is stim- 
ulated, the muscular structures supplied by that nerve respond with con- 
traction, when the nervous mechanism from center to periphery is in its 
integrity. This principle has been made use of diagnostically for the 
purpose of demonstrating existing conditions of the central and periph- 
eral nervous system; and also for inducing exercise movements of the 
various muscles of the body, in conditions of paralysis, when the nerve 
and the cord centers were intact and responsive. 

If the constant current is used for the purpose of stimulating mus- 
cular exercise, it is necessary that the application be made to the motor 
points, because the potential or voltage of this current is so low that it 
is not capable, except with strong currents, of passing through the skin 
and underlying tissues with sufficient energy except at those points where 
the nerve comes near the surface. The resistance of the skin is such that 
considerable current from a low potential source is necessary for the 
current to pass through it. Though the human body is practically a nor- 
mal salt solution, the skin, with its dry exterior, offers resistance prac- 
tically one hundred times greater than the moist tissues beneath. The 
fluids of the body are always the best conductors ; hence the blood stream, 
venous and arterial, and the lymph channels offer the best media of con- 
duction. 

The muscular structures are distinctly better conductors than the 
nerves, which disproves the notion that the nerves are the usual con- 
ductors of electrical currents. On the contrary, they are the conductors 
of nervous impulses which are not electrical, but travel with far lower 
velocity than the electrical current. 

That nervous impulses are not electrical is readily apprehended from 
the fact that the rate of conductivity of the nervous impulse is very slow 
compared with the lightning speed of electrical currents. The notion, 
often presumed, by those not informed, that the nervous system is a 
great electrical system is, therefore, readily disproved. The fact that the 
nerves are not the best conductors further strengthens the proof against 
this fallacy. 

Currents of low voltage , as the constant and low volt-induced cur- 
rents, are conducted by circuitous paths through the tissues, according to 
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tlu* conductivity of tin* medium, always following the path of least re- 
sistance. 

The effect of lor at nerve .slim ulof ion U due to the irritating or other- 
wise stimulating iulluenee of the current when* applied, and not because 
the current is passing along the path of the m rve. Other irritants prac- 
tically stimulate muscular conlraetions, though differently, such as the 
applications of heat, flagellation, or the irritation of a nerve by an in- 
flammatory process. Tf the current which excites a muscular spasm 
has a rate of interruption above <i<H) per minute, the spasm will he con- 
stant or continuous until the muscle is exhausted by fatigue. 

hi rases of neuritis or in/lununafion elsewhere , as in joints, the muscles 
are more or less in a condition of fixed contraction, resulting in pain and 
stiffness. This arises from nerve irritation as from blood slasis, and, 
like stasis, adds to the symptom-complex of a vicious circle, and is not, 
as has been often said, “Nature's method of cun 1 .' 1 

To induce eon/ rurl ion it is not necessary that the static sparks and 
other .slowly interrupted high potential static modalities la* applied to 
motor points, because tlu* high potential currents penetrate readily and 
cause contraction wherever applied, either of the muscle cell, the nerve 
or its branches, irrespective of motor points. The currents of high fre- 
quency do not produce muscular contraction, which is tin* distinctive 
feature of these currents. 

The constant current and the induced or Puradic current of low vol- 
tage produce burning or stinging or irritating effects when applied to 
the skin. This effect chiefly ueenunts for the responses induced in this 
way; whereas, when tlu* static current flows without interrupt ion into 
the tissues, it, produces no sensation no irritation and no perceptible 
contraction. Interruption with changes of potential in tin* circuit is a 
prerequisite to the induction of contraction with t lit* static current. 

The high frequency currents of high potential, when the rate of in- 
terruption exceeds 1 (),()()() per second, produce no perceptible nerve or 
muscle response, because the tissues are incapable of responding per- 
ceptibly to that rate of interruption. 

Independent Irritability. — .Muscle cells respond independently of the 
nervous system. “Under normal conditions in the body,” as stated by 
Howell, “a muscle is made to contract by n stimulus received from 
the* central nervous system through its motor nerve. If the latter is 
severed, the muscle is paralyzed. We owe 1o Haller the proof that a 
muscle thus isolated can still he made to contract by an artificial stim- 
ulus — e. g., an electrical shock — -applied directly to it. . . . In a 

number of ways, however, physiedogists have found that the muscle sub- 
stance can he made to contract hv n stimulus applied directly to it, and, 
therefore, exhibits what Is known as independent irritability. The form 
irritability, according to modern usage, means that a tissue can he made 
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to exhibit its peculiar form of functional activity when stimulated — e g , 
a muscle cell will contract, a gland cell will seciete, etc — and independ- 
ent irritability, m the case under consi delation, means simply that the 
muscle gives its leaction of contraction when artificial stimuli aie ap- 
plied directly to its substance This conception of in it ability was fiist 
introduced by Francis Glisson (1597-1677), a celebrated English physi- 
cian 

“A simple proof of the independent nritability of a striated muscle 
is obtained by cutting the motoi nerve going to it and stimulating the 
muscle after several days We know now that m the course of several 
days the severed nerve fibers degenciate completely down to their ter- 
minations m the muscle fibers, and the muscle, thus freed fiom its neive 
fibeis by the piocess of degeneration, can still be made to conti act by 
an aitificial stimulus Dnect stimulation of the muscle sub- 

stance, on the conti ary, causes a contraction We are justified, therefore, 
m saying that skeletal muscle possesses the properties of mdexiendent 
contractility (Haller) and independent lintability (Bernard) By the 
former teim we mean that the shortening of the muscle is due to active 
processes developed in its own tissue, by the latter we mean that the 
muscular tissue may be made to entei into contraction by artificial stim- 
uli applied directly to its own substance This latter piopeity cannot be 
said to hold for all the tissues Whether a nerve cell or a gland cell may 
be made to enter into its specific foim of activity by the direct applica- 
tion o± an artificial stimulus is still an undetermined question ” 

These observations that we have quoted aie valuable as showing that 
cells contract m their protoplasmic stiuctures independent of neivous 
stimuli 

The failure of the low potential currents to produce contraction when 
applied to the skm, except diiectly to the motor points, is due to the 
resistance of the skm and imdei lying tissues The contractions that may 
take place with such currents, theiefore, do not directly affect the muscle 
cell 

The observations are valuable, however, as indicating the effects of 
high potential currents, which pass readily through the skm and are dif- 
fused throughout muscular tissue, whereby the volume of the muscle, in- 
dependent of the neive supply beneath and surrounding an electrode, is 
induced to contract en masse relative to the potential of the current dis- 
charged, if the interruptions are lower than 10,000 per second Rhyth- 
mical contraction of the muscular mass, with intei venmg release, takes 
place if the contractions are below 600 per minute or 10 per second Six 
hundred mtenuptions per minute is the limit at which a period of re- 
lease will intervene between penods of contraction The rate of inter- 
ruption most agreeable, and at the same time most efficient, is between 
120 and 200 per minute Above 600 per minute muscular spasm with 
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t *>11 ic» contraction persists up to in, nut) per second, when all contraction 
ceases. Tlic recognition of these principle-* of tissue response is of great 
importaiiee as effecting physiologically valuable results from the employ- 
nu'iil of tlu* eurrents which, hy the induction of rhythmical acli\ily, in- 
duce or elTect local metabolism and tissue drainage, the emi)loyni(‘iit of 
which in therapeutics will lu* subsequently considered at length. 

Determining Characteristics of Electrical Currents, hi order to con- 
sider more definitely the e fleets of the electrical modalities, there are cer- 
tain characteristics of the various electrical currents which determine 
their character of action, whether electrolytic, mechanical t or thermic, 

Oonstaxt t'rmu.NT.- The* constant, current — until the present, no- 
menclature was adopted hy American and Kuropcan engineers known as 
the Galvanic current-- -when compared with tin* static and high frequency 
currents, is a current of relatively large amperage and low potential, the 
voltages usually employed in therapeutics ranging from 100 to 1:20 volts, 
and the amperage from 1 to 1,000 millhimperes, according to the indica- 
tions. 'Phis current, may also he employed interruptedly, when successive 
contractions an* induced, in elVeet relative to the quantity and voltage 
of the current employed, varying with the tissue's which it. penetrates as 
to the* force or presence of contractions. 

Tin* physiological actions of the constant current, are largely thermic, 
and electrolytic; the mechanical action, which is energetic under fa- 
vorable conditions, being of secondary importance in its therapeutic em- 
ployment, other eurrents serving more practical indications for that 
purpose. 

The current. s 1 nr modalities from the static machine, which is also a 
constant current, arc of relatively very high voltage, and from Holtz 
machines of very small amperage, approximately an average* amperage 
of front 1 \ to 1 milliampere, varying with the number of revolving plates 
and the speed of tin* machine; and a voltage of from 100,000 to 800,000. 
Tin* effects of the static current when not interrupted are practically nil, 
the current. How being so small that thermic eJfccts are inconsiderable, 
and the electrolysis is practically nothing, and the perceptible mechanical 
effects are absent. On the other hand, if this high potential current is 
interrupted and regulated to a rate of interruption below 000 per minute, 
it produces more marked contractions ami with less annoyance or irrita- 
tion than currents from any other electrical source. In the resulting 
mechanical effects upon the tissues, the static current, when regulated 
and properly administered, is capable of producing successive contractions 
of the cells individually and of the cells en masse , thereby expressing 
the infiltration, when present in indurated tissues, and otherwise affecting 
metabolism. 

Ixmu’Kn Grain*: nt. — T he currents ,*s produced by llu* lluhml'orfj 
coils t when of very slow rate of interruption, are capable of producing 
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similar effects of tissue drainage by the induction of muscular contraction, 
but in no sense duplicate in scope or control the static currents, and are 
more disagreeable to the patient. 

The current from the large coils , which are constructed for use with 
the Roentgen ray, are provided with current-breaking devices, which in- 
terrupt the current at a very rapid rate. The currents from these coils 
produce a stinging, cauterant effect, devoid of the characteristic type of 
contractions produced by the static current. 

Sinusoidal Current. — The sinusoidal current, alternating in char- 
acter, produces no electrolytic effect, because the alternations, changing 
the polarity in equal quantities, neutralize each other. The effects of 
this current are principally mechanical, and, to a degree, thermic, but in 
neither of these actions are they so effective, either as to the thermic effects 
produced with the high frequency d’Arsonval current, or the mechani- 
cal effects of the static current. There are, hence, few, if any, condi- 
tions in which this current excels the other currents in therapeutics. It 
is very useful, however, to the physician in too small quarters to have 
place for a static machine. 

High Frequency Current. — The high frequency currents, the most 
efficient of which is the d’Arsonval current, produce no electrolytic effect 
whatever. This is demonstrated by placing the opposite poles in a solu- 
tion of iodid of potash, and passing a large current through the solution, 
when no decomposition takes place, as would be indicated by change in 
color in the solution. 

The thermic effects of the high frequency currents are more marked 
than from any other source of electrical energy. This heat-forming action 
is in excess of the actual effect that would be derived from a constant cur- 
rent of the same current strength. The thermic action is derived both 
from the resistance to the current and the effects of high frequency oscil- 
lation upon the tissues or other substances through which it passes. The 
direct d’Arsonval current (see Fig. 6) is the high frequency current 
usually chosen for the induction of thermic effects. 

The physiological effect upon the tissues through which the current 
passes between two electrodes placed upon opposing surfaces is derived 
from the increased blood supply through the tissues, a natural provision 
to maintain an equilibrium of temperature and prevent burning of the 
tissues. In other words, hyperemia is induced by heat in the path of the 
current, and may be carried to a marked degree, when it will persist with 
its beneficial effects for a long time. Applied in this manner, the bene- 
ficial effects of local hyperemia are induced upon the tissues. These will 
be given full consideration in following pages. 

The mechanical effect of the high frequency current upon cell struc- 
tures is due both to the thermic action, which increases the activities of 
the tissues through the mechanical actions derived from the increased 
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rapidity and volume of tin* Mood stream, and also to the passage to and 
fro through the tisMies of the aetivo electrons as previously described in 
connection with the mechanical actions of the passage of the electrons 
with the static current. It is this action that accounts for tin* distinctive 



effects upon melaholism and the actual relaxation with lowering of blood 
pressure. 

The phijxiohujinil cffcrla of other currents resemble the effects or the 
important modalities, variations existing only in degree. 

Basis for Physiological Effects. — The three distinct, effects of electri- 
cal currents, as described under phy.*deal effects of currents — (1) tho 
electrolytic, ( '2 ) mechanical, (d) thermic- -practically include the im- 
portant actions of electrical currents to which the physiological studies 
must be referred. 

Mitt'iiAXic'Ai, hVi-'Krrs. — The mechanical effects, as previously shown, 
are due to the 1 (wcUomnfor inlluenees of nerve and cell stimulation — 
sensible effects — and otherwise the insensible effects arising from tlm pas- 
sage of the electrons through the tissues. The demonstration of the sub- 
stantial character of the electrons indicates the certainty of mechanical 
action effected hv their passage in great, numbers through the tissues, 
j. <*., Ihcse millions of small bodies coming in emit act. with die structures 
of the cells affect them mechanically. 

The mechanical effects of electrical currents may, therefore, he prop- 
erly divided into tin* gross or sensible effects which arc tin* local effects, 
at the sib* where tin* current passes in or out, or, as in the case of the 
static wave current, in and out of the tissues, ami (2) to tin* effects due 
to the passage through the tissues of the electrons, and (_Jl) another un- 
doubted effect: (hat of polarization, whereby certain other cellular move- 
ments are induced when bodies are like charged. 
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The perceptible mechanical effects of electrical currents are induced 
by make and break of contact with the tissues, as by the administration of 
sparks or convective discharges, or by interrupting the current in the 
circuit when the electrodes are in contact with the skin. These effects 
are associated with muscular contraction, and the contraction of other 
cells which respond to electrical stimulation, as of the yellow elastic tis- 
sues, by direct contraction of the tissues, or contractions induced by nerve 
stimulation, as by the application of electrical currents to motor points, 
or indirectly to the nerve trunks or branches. 

The Static Current. — The static current, administered from one side 
of a static machine in the form of sparks or other modalities, induces the 
characteristic effects relative to the conditions of the circuit. Grounding 
one side of a static machine when the other side is connected by suitable 
electrodes to a patient, and sparks are discharging between the terminal 
balls at the spark-gap, or when a spark is discharged between a patient 
and a sparking ball which is connected to another grounding chain, very 
greatly accentuates or intensifies the effect of tissue contraction. The 
mechanical effects of electricity as applied in therapeutics are vastly 
more effective from the static current when scientifically employed than 
from any other current source. 

The current from high tension faradic coils with slow interruptions 
is capable of inducing definite local contraction of a similar character, 
but only to a very moderate degree and to a limited area, when com- 
pared with the static modalities, and is not locally effective except by 
the employment of very small electrodes. It is consequently not practi- 
cally applicable for the general employment of electricity, or locally to 
meet other than very moderate mechanical requirements. The induced 
current is, therefore, of very little practical use in the office of the physi- 
cian provided with a static machine which is capable of giving every 
range of effect, from the most gentle required to the most profound ef- 
fects produced by any other mechanical measure. 

The static current has four distinct characteristics, which indicate its 
employment generally for the mechanical application of electricity. The 
qualities which give this current its prestige over other currents are : (1) 
great diffusion, (2) great potential, (3) unipolarity, and (4) the fact 
that it passes rapidly through to surround the capacities charged. 

The diffusion of the static current is remarkably evidenced by the 
rising of the hairs, not only upon the head and body of the patient seated 
upon the insulated platform, but a sensation of similar effects is ap- 
preciable by other persons in the room. Ho other current passes over or 
through wooden substance as the static current does, nor through the air 
to be appreciably felt, nor by spark discharge under charges of small am- 
perage and high potential, as the static current does. This remarkable 
quality of diffusion gives this current one of its most important and dis- 
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tinctivo qualities, and largely explains the remarkable mechanical qualities 
of the current upon the tissues. 

The (prat potential exceeds in this particular the practical possibili- 
ties of currents from other sources, for no other current can he delivered 
in so small quantity as the static current, combined with so great po- 
tential. 

The Uni polarity . — In other words, this current is possessed of a direc- 
tional quality from each pole, which, muter great voltage, is seeking 
from hotli terminals to meet, when conversion of energy lakes place, and 
tin 1 electrical charge is no more. 



Fig. 7. Graphic Illustration or thh AuuANtu.Mi.NT anu Comuua op Flow op tjeir 
Static Wavio C'uhhknt. 

3STo current better illustrates the physical principle that electricity 
is immediately produced and immediately dissipated than the static cur- 
rent. It is undoubtedly the unipolar character of this current, that causes 
the affinities to ho so strong for the opposite polarity, that largely ac- 
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counts for the mechanical action of the current upon animal cells. It is 
the effort under potential of attraction of the electrons of two opposite 
charges to come together. 

The static current, therefore, which has the property of staying for 
limited periods of time in a state of charge within the Leyden jar, and 
upon insulated surfaces, as in the static machine, is kinetic, and in move- 
ment the most active and energetic in its changes of position of all elec- 
trical currents. The significance of these qualities in therapeutics must 
be fully recognized to he appreciated. The characteristic qualities of the 
static current with the different modalities effect most energetic mechani- 
cal effects, the respective modalities varying in their indications. 

The static wave current (Fig. 7) is the most valuable of the static 
modalities in its wide field of indication for the treatment of non-infected 
inflammation and its consequences, and for its effects upon general metab- 
olism. 

METHODS AND PRINCIPLES OP APPLYING ELECTRICAL 
CURRENTS 

The therapeutic indications given in the preceding paragraphs sug- 
gest the employment of numerous methods, involving three distinct prin- 
ciples of action of electrical currents — electrolytic, mechanical, and ther- 
mic. 

Electromechanical Methods 

The electromechanical methods include the important static modali- 
ties, the wave current, vacuum tube wave current, static induced current, 
sparks, brush discharge, spray, pulsatory Oudin current of deKraft, sinu- 
soidal current variously administered, and the induced current previously 
known as the Faradic current. 

The Static Wave Current 

The important features of this modality, or mode of application, 
are: (1) the grounding of the negative pole of the machine, (2) the 
spark-gap or distance between the terminal balls of the discharging rods, 
(3) the size of the terminal balls, (4) the rate of spark discharge at the 
spark-gap, (5) the regulation of the rate of spark discharge at the spark- 
gap, (6) the insulated platform, (7) the adjustment of a proper metal 
electrode applied directly to the skin or internal mucous cavities and 
connected to the positive side of the machine, and (8) the duration of 
treatment. 

The above features of arrangement and control of dosage are of the 
utmost importance for the successful administration of this most valu- 
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able of electrical modalities. Ho important are they in the correct un- 
derstanding of tin* details of administration, that a full understanding 
of each principle is essential to an accurate and successful technique. 

1. The Grounding. — The grounding, as in the employment of all 
static modalities, except, the static induced current, is an essential fea- 
ture, because thereby the intensity of the effect is accentuated many times. 
A metallic connection must he made for this purpose directly from the 
negative polo of the machine hv a wire or chain to some direct or un- 
broken metallic path to moist earth, as a steam radiator or water pipe. 

2. The Spark-gap. — The spark-gap or space between the terminal 
balls of the discharging rods (sec Fig. 7) determines the penetrating 
effect of the current, employed. When the current is used in the treat- 
ment of a painful condition, or to relax a muscle in a state of spasm or 
tension, the spark-gap should be gradually lengthened as the toleration of 
tin* palieut will permit, thereby gradually affecting the tissues to a greater 
depth, as the superticial muscular layers become relaxed or the, infiltrating 
material is supcriicially expressed. The spark-gap when regulated, to- 
gether with tlu* adjustment of the size of the terminal balls, and the 
rate of discharge, is an accurate measurement of dosage — as accurate as 
any measurement, in milliamperes of any cither current. The dosage 
should always bo designated in terms of spark-length, size of terminal 
halls, and rate of discharge — the three essential elements of dosage of 
this valuable modality. 

3. The Size of the Terminal Balls. — The size of the halls screwed on 
the ends of the discharging rods determines the volume of the discharge. 
The smaller terminal balls give a greater current condensation, whereas 
as the size is larger it becomes greater, and with the same el targe the cur- 
rent, condensation is less and a much greater charge is necessary to over- 
come the same* length of spark-gap. When the current, breaks down the 
dielectric, and passes across the gap from a large-sized ball, the current 
that has been stored up against the resistance produces a more potent dis- 
charge, which is always relative to the size of the terminal ball from 
which it is discharged. On this principle it, is possible to regulate not 
only tin* amplitude or intensity of the current by the spark-gap, but also 
its volume or quantity. There should lit*, therefore, three or four sizes 
of terminal halls for operating the current wiih varying force, according 
to the conditions treated — respectively, \U inch, inch, 1 inch, and V/* 
inches in diameter. 

4. The Bate of Discharge. — The proper rate of discharge is a pre- 
requisite to a successful technique, as suggested in previous pages. For 
its therapeutic effects in the treatment of inflammatory conditions, for 
the removal of exudation, anil to relax muscular spasm, the rate of inter- 
ruption should not exceed 300 per minute. If the rati* of discharge is 
less than 100 to 120, the intensity of the contractions are rather dis- 
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agreeable to tbe patient. A rate of 100 to 120 per minute, however, be- 
comes very agreeable. The choice of rate, therefore, for the best thera- 
peutic effects is between. 120 and 300 per minute, being both more agree- 
able and more efficient. 

5. Speed Control. — The speed control or rate of revolution of the • 
static machine is of the utmost importance in order to regulate the rate 
of discharge to the varying spark-lengths. With the direct commercial 
current, a speed controller or rheostat having from 50 to 100 points, or 
even more, gives a sliding scale of varying resistance, which is capable 
of controlling the rate of spark discharge satisfactorily. Whenever the 
spark-length is increased, a change of resistance by the speed control will 
determine the rate of revolution, and thereby maintain a uniform spark 
rate. With water power the control of the speed of the water motor by 
regulation at the water cock of the volume flowing is one of. the most 
effective methods of speed control. When the alternating current is the 
source of power, the employment of a mechanical speed controller gives 
a good control, but requires a little additional power to overcome the 
extra resistance of the apparatus. 

One of the most important principles in the technique of manipulating 
the static wave current is the regulation of the rate of discharge at 
the spark-gap as effected by accurate control of the speed of the 
machine, and there is no point in which the average operatpr is apt to 
be more deficient, and none which some manufacturers seem oftener to 
neglect. 

6. Insulated Platform. — The insulated platform is an essential to the 
successful administration of the static wave current. This modality has 
been compared to the charging and discharging of a Leyden jar, the legs 
of the platform representing the glass walls of the jar, and the patient 
the inner coating of the condenser, and the walls and floor of the room 
the outer coating of the jar. The comparison is in every way true, the 
current passage being directly to charge and discharge the patient with 
the electrical current, as the Leyden jar is charged and discharged when 
the current is passing into the Leyden jar with the spark-gap opened. 

7. Electrodes. — The electrodes employed for administering the static 
wave current are preferably of metal. If sponges or other materials are 
used, they must be entirely saturated with a salt solution, or sparks will 
pass through the material to the patient, making the method very dis- 
agreeable. The same is true of the administration of the static-induced 
current. These metal electrodes are usually applied to the surface of 
the body always next to the skin, and are best made of a flexible metal, 
approximately 22 gage in thickness. A bottle cap composition is less 
expensive and more durable than block tin for these electrodes. This 
material may be cut with shears into sizes and shapes adaptable to the 
surface of the body. So also metal electrodes are made of various sizes to 
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conform to internal parts to bo troutoih Those* various electrodes are 
shown in illustrations referring to tho regions where* they are applied. 

8. Duration of Treatments. — In the employment of this current, it 
lias boon found by systematic study of tho relative effects that, twenty 
minutes gives the best average result. More than twenty minutes will 
nften fatigue the tissues, whereas, when continued for twenty minutes, 
the current effects the most oilieieut drainage or expulsion of iniiltrat.ion 
from the tissue without causing fatigue. Often ten to fifteen minutes is 
as long as is necessary to relax conditions of muscular cramp or spasm. 
Otherwise the usual dosage of twenty minutes will obtain the host aver- 
age results. During a course of routine treatment, the administrations 
should he given daily at first, and later on alternate days, until tho pa- 
tient, is discharged. 


The Vacuum Tube U'rrre Current 

The vacuum tube wave current is employed under practically the 
same conditions of arrangement, and control as the wave current, tin* only 
difference being that the vacuum tube is employed as an electrode. The 
advantages of this modality in certain eases arc twofold: (1) tlx* ease 
with which electrodes art* formed hv the glass blowers for adaptation to 
the various cavities of tilt* body, and (:!) that (he vacuum tube* discharges 
from the surface of flu* glass are moderately antiseptic, and produce cer- 
tain local effects favorable to the destruction of germs in the superficial 
tissues. The* disadvantage of this current is that, the effect, is not so 
positive and marked in relieving the infiltration as when the metal elec- 
trodes are used. 

This current may he* administered from either the negative or positive 
side of the* machine. When* an infectious element, is largely to he con- 
sidered, the negative pole produces a larger degree of antiseptic effect, for 
two reasons: (1) that the cathode stream to a moderate degree produces 
X-ray effects when employed with vacuum electrodes, which arc insulated 
where they pass through the orifice, and ( :i) that the chemical effect at 
the surface* of the glass is greatest when the negative* pole is inserted in 
tin* cavities. The mechanical effect, however, is most, marked when applied 
from the positive pole. 


The Mafic Induced Current 

The static, induced current, the first of tin* high frequency currents, 
discovered by Dr. AVm. J. Morton, is administered as a two-pole current 
from the outer surfaces of the two Leyden jars connected as shown in 
v >g- «• 

The local mechanical effect* uf this current arc practically tlic same 
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as from the static wave current. The passage of the current, however, 
is by the shortest route through the interpolar tissues, making the local 



effect the only valuable effect of the modality, unless administered with 
numerous electrodes connected in series ; whereas, the wave current passes 
from the surface of the electrode to the surface of the patient, and hack 
through most of the tissues of the patient, with each charge and discharge 
of the current. The local effects of the current are mechanical at the 
two surfaces where the electrodes are in contact, but are devoid of the 
tonic effects of the wave current. It is indicated for administration to 
two parts of the body, both requiring energetic local treatment; as to the 
two knees or other large joints, the seat of some form of arthritis, or in 
cases of constipation due to obstructing conditions, as prostatitis, spasm 
at the sigmoid, or uterine retroversion, when one electrode may be applied 
in the rectum, and the other over the abdomen. Many other conditions 
may arise from time to time for the use of this current for the treatment 
of local infiltration. The greatest field of utility, however, for the static 
induced current will always be found in exercising the muscles in the 
treatment of obesity, anterior poliomyelitis, and for other motor defects. 
The methods of employing the current will be fully considered in the 
treatment of these conditions. 

The Static Spark 

This modality is designated a disruptive discharge. ’ The principle of 
action depends upon the charging of the patient when seated upon the 
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platform as a Loyd on jar is charged, then the discharge is drawn from 
his hodv with a metal hall connected with the earth (km* Fig. Pj or to the 



opposite pole of the machine. The two method* of applying the static 
sparks are the direct and indirect. 

.For administering the direct method the patient, is connected to one 
side of the machine, and the spark is applied by a direct connection of 
the sparking bull to the other side of the machine. This method is neither 
so effective, practical, nor convenient us the indirect method, as shown in 
Fig. lb The grounding of the machine, as with the static wave current, 
is attached by most operators to the negative pole of the machine, and 
the positive pole is connected by a-rod or so-called shepherd's crook to the 
platform, usually to a small metal plate placed beneath the chair, hut at 
such a distance that sparks will not jump to the heels of the patient. 
Much metal plate should In* approximately I-’ or 11 inches square, and 
serves as a condenser, whereby, after discharging the patient, the recharge 
more promptly takes place, facilitating a more rapid succession of sparks 
when so desired. 

An operating chain, provided with a direct ground connection, is es- 
sential for the administration of the indirect static spark. This should 
lx* connected to a convenient place opposite the platform, to a screw 
eye from which a wire is carried to a radiator or water pipe or to a rod 
driven into moist earth. 

Tn administering the static sparks the operating chain connected with 
the earth should he held in the hands of the operator by tin* side of the 
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handle, in order that it will not be swinging about, and carelessly come 
in contact with the patient. Grounded in this way, the operator feels no 
effect of the current if the grounding is perfect. If, however, the ground 
connection is imperfect, there will be contraction of the wrists of the 
operator at each spark discharge during the administration to the patient. 
This will prove a practical method of testing the grounding. The regu- 
lation of the spark-length during the administration may be accomplished 
in two ways: (1) by controlling the speed of the machine, as described 
in the treatment by the static wave current, and (2) by allowing a spark 
to pass between the balls of the discharging rods during the administra- 
tion. This latter method, though noisy, will control the length of the 
spark by allowing the spark to discharge at the spark-gap to be a little 
longer than the desired spark-length to be administered. For administer- 
ing sparks, the best type of electrode is the one designed by the author, 
the so-called pear-shaped ball which adapts it to the employment of fric- 
tion sparks by running the electrode over the clothing, the concave side 
of the ball conforming to the rounded form of the limbs and body of the 
patient. The spark should be administered with a wrist movement, the 
operator carefully measuring the distance during the application at which 
the spark will pass, or moving the ball across the part back and forth, at 
such a distance that but one spark will pass. Nothing is more annoy- 
ing and disagreeable to the patient receiving spark administrations than 
the passage in rapid succession of two or more sparks during the admin- 
istration. The sparks should be applied at equally measured intervals 
at which the patient will be expecting them ; otherwise the patient is on 
and off his guard, when the physical and mental effects are not so good. 
Another method of administering the sparks, particularly valuable in 
treating contracted muscles, is by passing the ball with the machine run- 
ning fairly fast parallel to the body, when in rapid succession sparks will 
pass along the course of the ball so passed. These have been called run- 
ning sparks. 

To definitely locate sparks in clefts and cavities the writer has de- 
signed a spark director, the ball or disc on the end of which is placed on 
the spot upon which the effect is to be produced, and the spark is applied 
to the metal ring. The effect is the same as if the spark were applied 
directly to the surface. The chain holder furnished with outfits answers 
for this purpose. 

The indications for the use of sparks will be suggested under “Thera- 
peutic Indications.” 

Friction sparks are applied by rubbing the metal part of the shank 
of the sparking ball over the clothing, or some fabric the thickness of 
which determines the length of the numerous short sparks which pass. 

The physical effects of sparks by inducing intense contractions are to 
force elimination of exudation and infiltration and to relax muscular 
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spasm. Fur these purposes it is one* of tlu* most valuable modalities, 
and one often neglected l>v timid operator?- who have not sufficient tact 
to overcome the prejudices of their patients. The way to overcome this 
prejudice is to apply well-directed .-parks to painful areas, and then ask 
the patient, to nm\e tin* part, when they will in mod ea-es note marked 
relief from tension and pain, and ask for them rather than make farther 
protestations against, their employment. 


The Mafic I! rush Discharge, 

This modality is one of the most valuable in therapeutics, and par- 
takes of 1 lit* combined effects of a disruptive or .-park discharge and a 
convective or etllouvc discharge. It. has for llii- reason been designated by 
lhunphris a disniptoeonveelive di-charge, which aptly describes its effect. 
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Tlu? arrangement for its administration is shown in Fig. 10. Tt will 
In* noted that, with this modality 1 lit* positive pole is grounded. Experi- 
ence has many times demonstrated the choice, as the discharge when the 
negative is grounded is stinging and disagreeable, and, furthermore, the 
relief from the treatment is but. temporary. The administration is usu- 
ally made with the electrode connected to another grounding, as with 
sparks. When, however, a mild HTeef is sought, the* current, may he passed 
through the operator or with the machine running at slower speed. In 
the administration of this modality it is imperative that tlu* balls of the 
discharging rods lu* widely separated and that the machine he running at 
a rate of speed which will not cause sparking within the* ease. Otherwise, 
if a spark pass across the gap or within tlu* machine, the patient will sus- 
tain a disagreeable contraction of tlu* wrist ; for, in order to administer 
this current efficiently, it is customary for tin* patient to hold the shep- 
herd's crook in his hands during the administration. With this modality, 
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as with sparks and the wave current, the patient is insulated, and seated 
directly opposite the side of the machine to which he is attached. 

The electrodes employed with the brush discharge are peculiar to this 
type of administration. They should he made of material which offers 
considerable resistance, but permitting the passage of the current. Wooden 
electrodes, when of a proper degree of moisture, are effective for the ad- 
ministration of the static brush discharge. 

A new electrode consisting of a glass tube filled with glycerin, and 
provided at the end with a wooden ball or point terminal, as designed by 
Dr. Neely, serves as an excellent means for employing the brush dis- 
charge if the terminal ball does not become soaked with glycerin. To 
obviate this it is desirable that the terminal ball be removable; in other 
words, that it be made adjustable with a pin adapted to a hole in the 
terminal end of the glycerin-filled tube. The discharge from this elec- 
trode when in proj^er condition is very smooth, even, and effective. 

The intensity of the brush discharge may be regulated by varying the 
speed of the machine, varying the dampness of the wooden electrodes, or 
by passing off the current through the operator. 

The indications for this modality are given under “Therapeutic In- 
dications.” 


The Static Spray 

The static spray, a convective discharge or effleuve, is administered 
from single or multiple metallic points, held at a distance at which the 
spark will not pass to the patient. This modality has often been used for 
the removal of local pain, as the static brush discharge is used, and would 
be valuable if it were not that the latter modality is superior for that pur- 
pose. 

As a suggestive measure, the spray applied as above is one of the 
most efficient and potent in therapeutics; for the stinging sensation when 
the brush is rapidly moved over and around the patient produces a very 
stimulating effect in the skin, which is calculated to impress the mind of 
the patient. The method of administration of the static spray is practi- 
cally the same as of the brush discharge, except that it is usually applied 
with the negative instead of the positive grounding. It may or may 
not be administered from the second ground chain, depending upon the 
intensity of the effect desired under varying conditions of output or 
demand. 

Under slight variations, this method is administered under the desig- 
nation of the static breeze or static insulation, when the patient is seated 
upon a static platform with a brass, so-called, crown suspended over the 
head. This method is more spectacular than efficacious, as compared 
with the administration of the static wave current, which produces to 
a marked degree both local and constitutional effects. A danger from 
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llu* administration of the current in this wnv, with a breeze from 
the crown over the head, exists in that thick folds of hair or celluloid 
combs may bo ignited. If, however, this modality is to be administered, 
the patient's hair, if a woman, should he braided and hauling down the 
back with the pins removed. It may sometimes he desirable lu give this 
form of administration 1 «» very feeble patient-*, hut in no cases is it a 
substitute in its effects upon metabolism and nutrition for the static wave 
current. 


The Pulsatory Oudin Current of dr Kraft 

This modality is administered from a specially constructed resonator 
provided with very large condensers ( Leyden jars), in which the d 1 Ar- 
son val is insulated from a secondary connection or so-called Tesla coil, 
to which is connected a long solenoid for tin* Oudin current. Tin* pul- 
satory discharge is. administered either from a ring electrode or other 
electrode held in tin* hands of the operator, at a distance from the patient. 

When administering this modality one side of the resonator should 
he grounded, and a Hat metal electrode he placed next to the skill upon the 
hack or elsewhere, and connected to the ground. Tin* administration 
should then he made with the discharging electrode in tin* hands of the 
operator, or suspended or sustained by tin adjustable ladder. The com- 
bination gives a rhythmical pulsatory discharge synchronous with the 
sparking in the resonator. This modality produces distinct tissue pul- 
sations over the regions to which it is applied, effecting tissue drainage 
and at. the same lime stimulating metabolism in an effective manner. 

The. sinusoidal Current. 

The sinusoidal current is an alternating current, in which “the cur- 
rent flows periodically in opposite directions, and in both directions for 
tlu* same length of time." Tlu* current is produced by the passage of a 
constant current through an alternating current transformer. The transi- 
tions from higher to lower potential with the alternation from negative 
to positive art* so gradual with this current when the sine waves are not. 
abrupt (Fig. :>) that very little perceptible mechanical effect is induced. 
The current, however, is of fairly large amperage, and the consequent 
stimulating effects are nutritional, owing to the mechanical effects upon 
the cells and llu* hyperemia produced. This effect, however, is not so 
marked ns from the thermic action of tlu* direct d’ Arson val current. 

Tin* mechanical action with this current, when produced in the form 
of abrupt transitions, with a current known as flu* multiplex sinusoidal 
current , are remarkable. This current ( Eig. 10 is capable of causing 
deep and fairly diffused, contractions of the musculature with no other 
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interruption than the surging of the current. While this current prob- 
ably does not produce the degree of protoplasmic contraction of the static 
current, i. e., judging from the results, its mechanical actions are remark- 
ably efficient in producing muscular exercise, as of the abdominal muscles 



and intestinal tract. The method of administering this current may be 
stabile or labile. The multiplex current produces rhythmical contractions, 
which may be regulated in frequency without removal or change of posi- 
tion of the electrodes. It is often an advantage, however, to move about 
an electrode held in the hand of the operator, as over the abdomen in 
the treatment of constipation or pelvic or gastric atony. 

The indications for the employment of this current are given under 
“Therapeutic Indications.” 


The Induced Current 

Properly speaking, we designate what has been termed in the liter- 
ature the Faradic current as the induced current. Any current derived 
from another current by means of either magnetic induction or static 
induction is an induced current. The static current so produced is desig- 
nated as the static-induced current, whereas the term induced current is 
applied, as previously stated, to what has been and is still often called 
the Faradic current. That term is now abandoned by engineers and in 
strictly scientific nomenclature. The difference in the characteristics of 
the various so-called “batteries” is marked, depending upon the charac- 
ter of the windings and arrangements between the primary and secondary. 
They vary from the small coarse wire coils used by our grandparents, and 
by some to-day, to the 20-inch Ruhmkorff coils now in use for producing 
the X-ray and high frequency currents. It is only the smaller apparatus, 
however, including the so-called high tension coils, that are considered 
under this classification for therapeutic purposes. 

For mechanical effects they do not compare with the effects of the 
sinusoidal currents, and are not of practical use in the properly equipped 
office for that reason. The field open to this portable type of battery, in 
37 a 
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which the source of electrical energy is a number of constant current 
cells, is fur use at the bedside. 

With the high tension coil, the contractions produced by a slowly 
interrupted current are often effective at the* bedside for stimulating super- 
ficial metabolism, for relieving myalgia, and for application |<> the motor 
points for inducing muscular exercise by nerve stimulation. Some physi- 
cians, however, who are limited in their armamentarium to a wall plate 
combining a high tension coil with proper current control and meters, are 
able to accomplish much in the treatment of various conditions with the 
induced current by employing special electrodes, such as the bipolar in- 
duced current electrodes, producing with the slowly interrupted current 
pronounced localized contractions which arc stimulating, and to a small 
degree produce local tissue drainage, or removal of infiltration. These 
currents are often used successfully in the treatment of pelvic conditions, 
and about the eye and other delicate parts whore small currents are suf- 
ficiently effective. Tlu* mechanical effects of the induced current are 
similar in action to the static and sinusoidal current, but far less efficient. 

The (JonMant Current Interrupted 

The constant current, when interrupted hv breaking the circuit or 
labile method — moving an electrode about ■ produces muscular responses 
or contraction from strong currents with both the making and breaking 
of the circuit. This current is, however, objectionable for purely me- 
chanical effects, because of the active electrolysis which is not selective 
for good, and is often deleterious. 

Application of Electrical Currents for Tiiermio Effects 

Under ordinary conditions heat is produced by the passage of a cur- 
rent of Huflieiont amperage through a resisting medium. The passage of 
electrical currents through tlu* human body produces heat in the tissues 
from two qualities of the current, i. o., amperage and frequency. Poten- 
tial influencing tlu* current in overcoming the resistance does often, to a 
degree, lessen its thermic effects. 

For its thermic effects as a therapeutic, agent the constant current 
from the ordinary galvanic cell, from tlu* direct current of the commer- 
cial circuit, or transformer, produces an electrolytic action in the tissue 
which renders it objectionable except in cases where, electrolysis or ioniza- 
tion may lu* indicated ; neither is the thermic effect from a current strength 
that can be tolerated comparable with the same effect from the direct 
d'Arsonval current, on account of the superficial irrilation produced by 
the constant current. Furthermore, the high frequency current is abso- 
lutely devoid of electrolytic action. 
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The high frequency current possesses the two qualities which influ- 
ence the thermic action of the current — quantity and frequency — and can 
be employed with the greatest degree of toleration. 

The hot wire meter used to measure high frequency currents is cali- 
brated on the basis of the current strength of the constant current, that 
will cause equal expansion of the same wire which regulates the move- 
ment of the needle on the dial. It is a well recognized fact that, when a 
high frequency current passes through this same meter, the indicated 
milliamperage of the current is in excess of the actual current strength. 
This is due to the additional thermic action of the oscillatory current 
passing over the wire. 

This disparity is best illustrated in the current derived from a static 
machine, which primarily generates a current not in excess of ^ to ^ 
of a milliampere, i. e., from a static machine having eight revolving 
plates. Such a machine, running at a rate of revolution of 500 or 600 
per minute, may under favorable conditions produce a high frequency 
current which will register with the hot wire meter as much as 200 milli- 
amperes. This apparent increase in current strength is due to two con- 
ditions: (1) the current flows into the Leyden jars, which are charged 
and discharged in such rapid succession that the current is always pass- 
ing in a quantity equal to the capacity of the Leyden jars, and (2) to the 
frequency of the current, as previously stated. 

The high frequency current for its thermic effect, particularly the 
direct d’Arsonval current, which is a current of relatively small voltage 
and large amperage, is, therefore, the current to be employed when elec- 
tricity is indicated to be passed through the tissues for its thermic effects. 

The direct d’Arsonval current , as shown in Eig. 6, passes the cur- 
rent between the two poles of the d’Arsonval circuit, directly through 
the tissues or part where the thermic effect of the current is sought. 
Various types of apparatus have been put upon the market during re- 
cent years for the purpose of producing a maximum thermic effect upon 
the tissues, i. e., to a maximum of tissue toleration. 

Eor most effects the relatively high potential employed with resona- 
tors in connection with X-ray coils and transformers is adequate for 
producing these thermic effects. When, however, it is desirable to pro- 
duce a maximum of thermic action, special apparatus designed to pro- 
duce a high frequency current of low potential — 2,000 to 8,000 volts — 
which may he administered in a current strength which will produce coag- 
ulation necrosis, when desirable, for the destruction of malignant tissue, 
neoplasms, or redundant growths. In this latter action the process ef- 
fects much the same results as fulguration and desiccation. The tech- 
nique will be given under the surgical uses of high frequency currents. 

It should be borne in mind that, when the passage of a current of 
considerable strength through the tissues raises the temperature above 
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08° to 72° C., the tissues will undergo coagulation necrosis. Tt is desir- 
able for this purpose to employ an arrangement for current production 
which will produce a thermic cITcct for both the induction of local hyper- 
emia without local destruction of tissue, and greater temperatures when it 
is desirable to destroy superficial neoplasms, (hire is to he exercised in 
the treatment of the deeper tissues with these strong currents. The sense 
of warmth or heat in the tissues, however, will he an indication in most 
eases against pushiblo danger from an extreme action from the passage of 
the direct d’Arsonval current. When employed over ligamentous struc- 
tures and sear tissue, care must he exercised against the danger of pro- 
ducing too extreme heat in the tissues, because they are meagcrlv sup- 
plied with blood-vessels and cannot he cooled, as other tissues are, by the 
Bowing blood stream, nor are the nerves of sensation sulHeient t.o give 
warning. 

The relative size and position of the electrodes will determine) with 
a fair degree of accuracy the location of the maximum of thermits ac- 
tion. If two eleclrodcs of ecpial size* arc placed on opposing surfaces, the 
temperature will be found to he greatest at about midwav between {lie 
two electrodes; whereas, if a large electrode be placed upon one surface 
and a much smaller one on the opposite surface, 1 lie* field of greatest 
heat intensity will approach nearer the small electrode in proportion as 
the difference in size would average. In other words, when it. is desir- 
able to treat a condition in the skin, a large indifferent electrode may be 
used on one side of the body, and a small one on the spot, to be treated. 
If a kidney or appendix is to bo treated, place a large indifferent, electrode 
on the abdomen or back opposite the affected part, and a much smaller one 
directly over the part. This arrangement, of electrodes may be well esti- 
mated by considering the average of distance and difference in size of 
the electrodes. 

The physiological action of the thermic effect of electrical currents 
upon the tissues is similar to that induced by heat from any source, i. c., 
the induction of hyperemia. As stated elsewhere*, when a tissue is heated 
the blood supply is increased to that part through the influence of the 
vasomotor mechanism, in order to equalize or maintain the normal tis- 
sue temperature, the blood at normal temperature flowing in, to replace 
the heated blood which passes on, carrying the heat away by convection. 
The duration of hyperemia following the application will depend upon 
the excess of heat accumulated during the administration, and the addi- 
tional varying period during which ihe vessels remain dilated. Taking 
advantage of thiH principle of vasomotor regulation, wo an* enabled to 
produce three effects in the tissues so heated by means of the hyperemia 
so induced: (1) The greater influx of blood with the consequent impulses 
upon the tissues exerted by the heart’s force, with the active passage sets 
up in the tissues a rhythmical transmitted pulsation which arouses greater 



INDICATIONS TOR THERMIC EFFECTS 


393 


local tissue activity and metabolism. (2) The increased influx of blood 
carries with it increased nutrition to the tissues. (3) The increased blood 
supply carries also an increased number of phagocytes, thereby increasing 
the local tissue resistance or local phagocytosis. 

Hyperemia produced by the direct d’Arsonval current is maintained 
during the passage of the current through the tissues, and persists for 
a considerable time after its discontinuance — until the tissues are cooled. 
When maintained for a considerable time with a current of relatively 
large milliamperage, the heating effect produced requires considerable 
time, often several hours, to dissipate tHe heat, particularly so in tissues 
that are not highly vascularized. The thermic action of the d’Arsonval 
current in inducing hyperemia for its effects on metabolism and nutrition 
is the current par excellence for producing these effects. 


THERAPEUTIC INDICATIONS FOR THE THERMIC EFFECTS 

The therapeutic indications for the employment of the d'Arsonval 
current in this manner are of great significance, as the effects produced 
would suggest, particularly in the treatment of infected tissues, where 
increased phagocytosis facilitates a destruction of the real cause of the 
inflammatory process — the germs present in * the tissues. In all dis- 
eases in which the germs may be destroyed by the leukocytes or lympho- 
cytes • hyperemia induced in this way is particularly efficacious in re- 
lieving the tissues of the cause of the inflammation. In the treat- 
ment of inflammatory conditions nob due to infection, in which, as pre- 
viously stated, the static currents which produce tissue drainage are indi- 
cated, these currents, while to a degree beneficial, are not nearly so 
effective as the mechanical currents. 

In the treatment of local infection, the interference with the activity 
of the phagocytes will depend upon the rigidity or stability of the wall 
of induration walling in the germ process. The heat acting upon the 
tissues exerts an effect of relaxation or tissue expansion, permitting a 
passage of the blood to a marked degree through the indurated wall. Oth- 
erwise it would be impossible, even with the hyperemia produced, to 
reach the germs which are causing the inflammatory process. 

In low-grade inflammations of the tuberculous type the induration 
is never so marked as in the streptococcic or staphylococcic infections. 
A persistent hyperemia maintained under such conditions is peculiarly 
efficacious in effecting the destruction of the germs, when persisted in. 
This is practically demonstrated in the treatment of tuberculous glands 
by the persistent induction of hyperemia by the combined use of the 
direct d’Arsonval method with radiant light and heat. This is particu- 
larly efficacious in cases in which the process is not far advanced. 
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The method of applying the direct d'Arsonval current is by the ap- 
plication of two properly proportioned metal electrodes to the opposing 
surfaces, one on each side of an infected lit Id, or when for other pur- 
poses the intervening tissue is to In* treated. When, however, an infec- 
tion is not at the surface on either side, or when an internal affection is 
nearer to one side* than the other, as previously stated, it is customary 
to place a smaller eleetrode, about the size of the part, directly over the 
infected held, as of the involved tissue* around an appendix, and an 
electrode* of u size larger, relathe to the* distance between the* part and 
the surface, \vhe*rc the smaller electrode is placed, on the* opposing side, 
as over the back when treating appendicitis. A current is then employed 
which produces as much heat as can he easily tolerates! beneath the 
smaller electrode. Ordinarily, through the body, a current, of 1,000 to 
1,“00 uiillinmpercs is well borne. In acute e*ases this treatment, should 
l.e made* twice* daily, but ordinarily daily treatments will gi\e good re- 
sults in the* treut incut of infection. A great help to this method is tin* 
employment of the* Roentgen ray for several days preceding the com- 
mencement of thermic applications, and the* coincident, employment of 
raeliant light and heat, with the direct d'Arsonval current. 


THERAPEUTIC INDICATIONS FOR THE MECHANICAL EFFECTS 

Treating the subject of therapeutics from the saint* point of view as 
of tlu* physiological effects — mechanical, thermic, and elceirotytir — of 
the electrical currents, will better convey to the student the indications 
for tlu* employment of the respective modalities. To consider accurately 
tlu* indications for the mechanical effects of electricity requires tlu* recog- 
nition of a different point of view from the usual touching or opinion 
relative both to the actions of electricity and the indications for its em- 
ployment. 

it. is a generally conceived notion, even now dominant, in tlu* mind 
of the profession, that electricity is not indicated in tlu* treatment of 
acute conditions, but in tlu* subacute or chronic stage of an intbnumatory 
process. When the writer first, called attention to the error of this dogma 
in ItHVJ, those observers who bad given much study to tlu* effects of 
electricity, the members of the American Kleetrotherapeutie Association, 
recognized and have since recognized the correctness of the views then 
expressed, "flic* notion that, electricity possesses some peculiar quality 
or action, which renders its employment dangerous in tlu* treatment of 
acute disease, undoubtedly arose from the lack of a definite appreciation 
of the effect, of currents which would mechanically disturb infection; for 
nothing could be more dangerous than the treatment of inthiinmatiou 
caused by infection by such currents. Mechanical currents break down 
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the induration which walls in a pus or other infectious process, thereby 
scattering’ the germs and rendering a local infection a general one. Too 
great objection could not be offered to the employment of electricity with 
mechanical methods in acute infectious inflammation. On the other hand, 
the high frequency currents which produce hyperemia without mechani- 
cal effects are employed, as previously shown, with great benefit in the 
treatment of infection, and the earlier the better. 

The mechanical effect of electricity, particularly active when derived 
from the static machine, as shown in the paper referred to, is the most 
potent means of relieving one of the most prolific causes of chronic dis- 
ease — localized induration, or stasis in inflammations of the non-infcctious 
class. 

Induration or stasis is an obstacle to restitution and repair, and not 
a normal process of the vis medicatrix natures j because a tissue through 
which the blood does not circulate, but is engorged, and which tends to 
persist in a swollen indurated condition, is a check to restitution and 
must be removed, either by exercise or some other external influence, 
which will soften the tissue and permit a return of the circulation. This 
principle in the treatment of inflammation has been long unrecognized, 
owing probably to the fact that there has been no known means of in- 
telligently resolving it. It has been latterly recognized that, if a sprained 
ankle or other sjn’ain is promptly strapped before swelling takes place, 
the recovery will be prompt. Massage has been invoked to dissipate the 
swelling of an inflamed part; but, except in the most skilled hands, and 
with the greatest patience, it is impossible to effect resolution without 
causing so much irritation that it promptly returns. Tor the same rea- 
son mechanical vibration applied directly to an inflamed tissue is a source 
of irritation, and of little consequence in the treatment of localized in- 
flammation, except in its effects for the relaxation of muscular spasm 
remote from the site of the inflammatory process. 

In the paper referred to the writer called attention to the significant 
fact that the local resolution of induration or stasis by the employment 
of the electrical modalities, which, by causing successive contraction of 
the tissues so indurated, expressed the infiltration and exudation through 
the lymph channels, and thereby drained the tissues without causing 
local irritation, removing the obstruction and pressure, and facilitating 
without irritation the restoration of circulation and repair. This is the 
fundamental principle upon which the mechanical effects of electricity 
in the treatment of inflammation are based. From this point of view, and 
with the proper modalities properly applied, it is possible to relieve 
the types of infl amm ation in which no germs are present when acces- 
sible; and there are few such conditions in which it is not possible to 
apply the current directly to the seat of the inflammation. The only 
sites' in which difficulty arises are within the bony cavities of the chest, 
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iimii< k «l i:i 1(0 v in front of |li<* stimuli, and in tin* miuiiiin. The ncuro- 
lnusculiir mechani-un of tin* trunk and limb-*, tin* .spinal coni, and pelvic 
organs arc all amenable to this type of treatment. 

ELECTROLYSIS AND INDICATIONS FOR ITS USE 

KIcctrolvhis is tiffined as llie transformation of substances variously 
into their const it uenl purls by the passage of an electrical current through 
an electrolyte, of which they are a part. .In cfcriroii/fc is a solution 
which conducts electrical current**, usually an alkaline solution, always 
associated with ail electrolytic process when a current is passing. Solu- 
tions or substances which are not suitable as an electrolyte include puro 
water (ILO), glycerin, oils, alcohol, parallin, solutions of sugar, and 
numerous other substances. These, therefore, are not suitable electro- 
lytes. When an electrical current is passing into an electrolyte, tin* acid 
radicals of oxygen basis in an electrolyte arc set, free around the positive 
polo, the anode, and move in the electrolyte, toward the cathode, and flic 
metallic radical hydrogen is set free around the negative pole, the cathode, 
and passes toward the 1 anode. 

lom, so named by Faraday (travelers'), are the particles arising from 
the divisions which take place in tin* electrolyte and tin* substances of 
the electrodes; notably of the metallic electrodes at, the anode, which arc 
sot free around the electrode by the action of an electrical current. At 
the positive pole, then, metals are broken up and diffused with the ions 
into tin* tissues, when employed in therapeutics in the form of metallic 
oxychlorides. This process is, therefore, called ionization. Metals em- 
ployed at llu* anode undergo varying degree** of decomposition in point, 
of rapidity and degree of diffusion, in llu* following order: silver, mer- 
cury, zinc, copper, and iron. Platinum is not diffused by the current. 

Discnloruf ion is produced at the positive pole in (lie eoriuui when 
copper or iron electrodes art* used for treatment of local skin conditions, 
copper producing a green slain which will he permanent, anti iron a 
black one, contraindicating their employment in all eases at the positive 
pole for the treatment of superficial affection*.; whereas mercury, silver, 
end zinc ions produce no discoloration in flic corium. 

Thr (hrtfrhlorutvH of ttilrrrtwtl zinc arc dilTu-ed so rapidly that, except 
where* destructive action is desirable, they must be used with caution, 
(’upper electrodes amalgamated with mercury arc best adapted to the 
treatment of internal conditions, including endometritis, hemorrhoids, 
and neoplasms in tlie mucous membrane. Mercury when used is em- 
ployed as an amalgam over copper or zinc electrodes, as employed by 
Massey. Amalgamation is effected by dipping the electrode first, into 
dilute sulphuric acid, and then into mercury, when the surface of the 
electrode will he evenly coated with metallic mercury. 
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For the treatment of angioma , facial epitheliomas, and conditions 
involving the skin, where destructive action is desirable, the zinc mer- 
cury electrodes of Massey, •which produce no stain, may be used. 

The polar actions of electrical currents are particularly important 
when employing the constant current for its important therapeutic ef- 
fects ; more so than their interpolar effects, because thermic effects for the 
induction of hyperemia for nutritional purposes are far superior when 
produced with the high frequency d’Arsonval current. While in the 
past, pending the developments of more recent methods of employing 
electricity, the constant current played an important role in therapeutics 
in numerous ways, it is no longer advocated to a large extent, except by 
the pioneers who may not have kept pace with these developments. The 
polar actions, as previously stated, produce oxychlorides of the metals at 
the positive pole with the effect known to be due to the affinity of oxy- 
gen, producing a drying or hardening effect of the tissue, with adhe- 
sions of the electrode to the surrounding tissues, unless the electrode is 
constantly moved during the administration. The accumulations there 
are distinctly acid, and the local action cauterant and destructive. To 
release a metallic electrode which has become adherent, the current should 
be turned off entirely by turning the current controller slowly back, and 
the polarity at the pole changer is next reversed. The current should 
then be turned on gradually, when the negative pole, then at the site 
where the positive has been, will soften the tissues, and the electrodes 
become loosened from the tissues. Great care should be taken to always 
carry out the details of these directions: (1) slowly turn off the current; 
(2) change the poles; (3) turn on the current gradually; (4) loosen the 
electrode slowly by gentle manipulation; (5) turn off the current, and 
(6) remove the electrode. Failure to carry out this order of routine will 
subject the patient to painful shocks and discomfort. 

At the negative pole the hydrogen bubbles accumulate moisture in 
the tissues by decomposition of the electrolyte, which may be the tissues 
themselves, and, when so, it thereby destroys the life of the tissue, not 
properly as a cauterant, but by electrolysis. In this way it is possible 
to destroy warts and scar tissue, in a thoroughly practical and efficient 
manner. It matters not what metal is used as electrodes in these cases, 
iron or any other; for metals do not form combinations at the negative 
pole. The use of this pole as suggested is indicated for the removal 
of warts or other redundancies, as of scar tissue in the urethra, and for 
the destruction of hair follicles for depilation. 

THERAPEUTIC APPLICATION OF ELECTRICITY 

In pursuance of the plan outlined in the consideration of electricity 
from the three specific effects produced by electrical currents — thermic, 
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mechanical, and electrolytic — divisions or classifications of conditions to 
be treated are adopted in conformity with the types of diseases in which 
the respective activities of the modalities are indicated, irrespective of 
topical regions or other special arrangenu tits. 

Physical deramjemenfs or departures from the normal of health, called 
disease, are ( 1 ) in most cast's associated, as to cause, condition, or clYoct, 
with an inilammutorv process cither with infection or without - infec- 
tious or simple inthimmation- -or t:?) with a condition of altered metab- 
olism which includes derangements of function, arising directh or indi- 
rectly from an intlammatory process, immediate or reunite, or from in- 
activity, fatigue, toxemias, or other causes. Added to these* are { :» ) the 
results of trauma, poisoiw, and malignant conditions < not to the present 
time determined to he of germ origin). 

There are se\eral therapeutic indications to he conserved when we 
look upon disease from lids point of view: (1) The relief of infectious 
processes, and the resulting iuilummation with a restoration to health, 
complete or iucnmph to from resulting condition*, t-) The treatment of 
simple or lion-infected intlaiumation by the removal of local induration 
and restitution of local luotaholi-m and repair, (3) The restoration to 
normal of impair* d metabolism or local or general functional inactivities 
bv awakening the systemic activities and restoring the normal relations 
of the nervous, circulatory, lymphatic, ami muscular and digestive sys- 
tems, which implies the restoration to activity of the functions of affected 
glands and special organs, with restoration also of normal tone, together 
with relaxation of muscular spasm, arterial, organic, ami skeletal. (4) 
The destruction of malignant processes, keloid, eoiulylomata, or other 
unnatural redundancies. (.”>) The correction of perverted mental or psy- 
chic manifest at ums arising from reilex or functional derangements or 
irregularities. 


8 !» Rl MAI. Til Bit A V KUTtl ’S O K I X V K< ’T I O NS 

Inflammation of infectious or iff in may be divided into two types : 
That which arises from direct local action on the germs in the infected 
tissue, and Unit arising from toxemia tint* to some remote infection. Tn 
both types the treatment should be tir^t directed to the destruction of the 
germs wherever present. All g« rm* that may be destroyed by the leuko- 
cytes or lymphocytes are removed by bringing the phagocytes into closer 
relation and in greater numbers into the field of infection. Where indu- 
ration exists, surrounding lilt* germs, circulation is coincidentally im- 
paired, and, unless nu ans are employed which will relax the induration 
and permit the flux of blond within, allowing the leukocytes and lympho- 
cytes t*> come into proximity t«> the germ,", the latter art* certainly safe, 
ami the process will continue. If hyperemia, however, is induced by 
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measures which increase heat, as applications of radiant light and heat 
and the direct d’Arsonval current, or superficially applications of high 
frequency currents with vacuum tubes, the tissues soften and relax, and 
the blood circulates where the germs are, and under conditions that are 
rendered particularly favorable to active phagocytosis, because the in- 
creased temperature is certain to inhibit the activity of the germs, and, 
when exposure to radiant light is added to the effects of heat, conditions 
are promoted favorable to positive chemotaxis. Ideating the tissues, in- 
ducing as it does an active hyperemia, floods the parts with a stream of 
fresh arterial blood. 

In early streptococcic or staphylococcic infection , before pus forma- 
tion, the employment conjointly of means which resolve induration, as 
the static brush discharge, preceded by the application of radiant light 
and heat or the direct d’Arsonval current or the high frequency current 
from a vacuum tube, to the extent of inducing profound hyperemia, places 
the germs at the mercy of the phagocytes, and rapidly resolves the inflam- 
matory process. , This is well demonstrated in the treatment of suppura- 
tive tonsillitis, boils, carbuncles, and furuncles. If, however, the mechani- 
cal methods — rthose which induce tissue contraction — are used, after pus 
has formed, the results are apt to prove serious, as previously stated, 
because under these conditions the infection is likely to be scattered be- 
yond all possibility of phagocytic control, and thereby set up an active 
localized or general infection. 

In all cases of local infection, except those derived from the spirochetes 
or other germs, which are not destroyed by phagocytes, these methods 
are successful. 

In all streptococcic , staphylococcic , tuberculous, and gonococcic in- 
fections, when the local conditions are under control, it is possible to 
effect successful destruction of the germ process, and restore the conditions 
to normal. When the process is already far advanced, however, the cure 
can be hastened, but not aborted. 

The X-ray may be used in the treatment of infection to great advan- 
tage in conjunction with electricity, with the means which induce hyper- 
emia and relaxation of tissue. In the treatment of localized infection 
its effects are due to its inhibitory action, which unfavorably affects all 
forms of germ life. When it is used it should be employed in pretty 
large doses a few hours preceding the application of radiant light and 
heat and the high frequency currents, all of which induce hyperemia. 

Tuberculous Infections 

In tuberculous infections it is customary, as in tuberculous adenitis 
and phthisis pulmonalis, to employ the Roentgen ray before the induction 
of hyperemia, with a view to inducing an inhibitory effect upon the tu- 
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berele Willi, or cause of mixed infection, or both. For the induction 
of hyperemia in those ca"cs I lit* conjoint employment of radiant. 1 i 
and heat, in order to produce it." depres-ing effect upon the germs, .should 
lx* followed by the direct d'Arsomal current with a< much mi 11 iam pernio 
us can he home, for tin* purpoM* of inducing a profound tissue hyper- 
emia, employing a degree of heal that will cause it to persist for hours 
after the treatment is discontinued, during which time the fresh blood 
stream will he flowing through the dilated \<‘""el". This method usually 
proves effective in early eases, particularly in e:i"es of adenitis and early 
joint tuherculo"is. In other localized tuberculous pmees-es, and in tuher- 
euh ms peritonitis, the combined method with the X-ra\ oilers more than 
surgical methods. The.se measures promise \erv mueh for the relief of 
local tuberculous conditions; and, in the writer's experience, the method 
has been successful ill numerous eases. 

Tuberculosis of the Skin. In tin* treatment of lubereulo-ds of the 
skin-— lupim vulgaris and lupus er\ themato<is the method of Fitiseii not 
only produces a direct sterilizing (dVeet from the ultra violet rays upon 
tht v tissues, hut, at the same time induces a local increase of hyperemia 
designated by Fin.-en as tin* ‘"reaction," which he considered important. 
Fitisen's method with light is not nearly "•» prompt in ihe-c eases as t ho 
combined Use of the X-ray and high frequency current, or static brush 
discharge, employing the former until then* is a dermatitis, and then 
persisting in the recurrent induction of active hyperemia with the latlev 
until the skin is normal. 

Pulmonary Tuberculosis. — The* value of the Roentgen ray in the treat- 
ment, of tuberculous infections Inis been demonstrated by numerous ob- 
servers, particularly so by (lihson of Denver, (\ dorado. 

The writer, in a few cases which he had under observation, has substantially 
verified tin* position taken by this writer; but from the point of view that the 
germs — ’tuberculous ami of mixed infection an* sterilized by the X-ray exposures. 

The raying is usually carried to the point of producing dermatitis 
anteriorly or posteriorly, tin* irradiations being administered on alternate 
days, each time changing the side of exposure. After tin* appearance of 
the first dermatitis tin* X-ray is discontinued and the daily iwc of the 
direct d’Arsonval current and radiant light and heat is instituted, with u 
view to inducing active thermic effects in the tissues for the induction 
of increased hyperemia, thereby increasing locally phagocytosis and re- 
sistance of the tissues. The direct d'Arsonval current is applied with two 
large electrodes covering flu* pulmonary area front and back. The elec- 
trodes should hi* made of sheet metal, with the edges of tin* metal turned 
U]), and then made to fit closely to every part of tin* surface. This method 
of turning up the edges of the metal electrodes is employed in all cases 
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where the d’Arsonval current is used for its thermic effect; because, un- 
less the margins are rounded or very smooth, the current will discharge 
from points or sharp edges, and create a burning of the skin at the mar- 
gins. Nagelschmidt places beneath the electrode a piece of thoroughly 
moistened cloth or absorbent cotton, which will offer no resistance to the 
current, and will conform evenly to the surface. It is necessary that the 
electrode should touch every part of the underlying skin, otherwise a 
sparking will take place where it is not in contact, producing a burning 
sensation, which may require frequent removal and readjustment until 
there is no sensation whatever except the warmth produced by the passing 
current. When properly applied very little hyperemia is produced in 
the skin by this method, but in the tissues beneath. It is needless to say 
that the regulation of diet to the requirements of the individual (not by 
forced feeding) is indicated in these cases. Furthermore, that, where 
hypertension is present, it should also be regulated by methods described 
elsewhere. 

Tuberculous Adenitis. — Tuberculous adenitis has been treated with 
marked success by the Roentgen ray for upward of ten years, until that 
method has become generally recognized as a practical method of curing 
this condition. The method usually employed is to make successive 
series of rayings until every evidence of activity in the process has dis- 
appeared. That method is fraught with an unfavorable action upon the 
skin if several series of exposures are necessary, often ending in a dis- 
figuring telangiectasis. This has led the writer to adopt the following 
plan of treatment: In the earliest stages daily application of radiant 
light and heat, followed by the direct d’Arsonval method, placing an 
electrode about the size of the gland or glands directly over the swelling, 
and one on the opposite side of the neck of much larger size, produces 
in the gland a degree of hyperemia which will, in most cases, successfully 
clear out the germs present, and effect a complete cure. 

In advanced cases of adenitis, before mixed infection with suppura- 
tion has intervened, the employment of one series of X-ray exposures, 
i. e., until a dermatitis is produced, and then followed with energetic 
applications of radiant light and heat and the direct d’Arsonval current, 
placing the electrodes as previously stated, is successful in most cases 
without further exposure to the X-ray. This method should be employed 
daily in order that the hyperemia may be nearly persistent, thereby 
effecting a complete destruction of the tuberculous germs causing the 
condition. Under this plan of treatment the general health of the pa- 
tient will rapidly improve, indicating a cessation of the infection. When 
it is certain that the germs are destroyed, the resulting infiltration or 
thickening of the gland can be largely dissipated by employing the static 
wave current or the vacuum tube current, with a suitable electrode ap- 
plied directly over the gland. Care must be exercised that in this last 
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procedure it is not instil uted before the germ** have been destroyed, lost 
the infection !u» scattered. 

1 > v this combined method neither the skin nor the functions of flic 
gland are unpaired if treated early. It i- needle— to add that in all these 
cases tin* tonsils, which are the usual source of infection, should lie prop- 
erly treated; for which the electrical method of fulguratiou, described 
elsewhere, is effective. 

Tuberculous Prostatitis.— -Tn here uh ms prostatitis may 1> • diagnosed or 
suspected when treating tin* prostate hy the Usual method described else- 
where, if the condition is aggravated, i. e., the vesical irritation ami pros- 
fatie symptoms are made worse hy the treatment. If the condition in 
aggravated by tin* wave current, it will indicate that there is either a 
tuberculous or malignant process, nr that there are calculi in tin* prostate. 

The writer lias success fulty treated these cases hy employ ing the X ray ill rough 
a metal screen having an opening three or four inches iu diameter placed directly 
over and below the coccyx, directing the rays upward. The exposures an* con- 
tinued until a dennalitis appears, when tin* raying is discontinued, Radiant light 
and heat and the direct d’Arsomal method are then applied for their thermic and 
hyperemie effect. With the latter either place u metal or vacuum electrode in the 
rectum directly in contact with the gland, and a large inditfeient electrode over the 
abdomen. As many milliuniperes as can In* comfortably tolerated hy the patient 
should he employed, tin* sensation being one of heat at the side of the rectal 
electrode. Hy this method it is possible to induce active hyperemia in the gland, 
which will produce no aggravation but relief of the symptoms, and ultimately 
terminate the infectious process. 

Tuberculosis of the Bladder — hi tuberculosis of tin* bladder the meth- 
od would ho varied from the preceding by raying above the pubis, and 
then following with radiant light and heat and the direct d\\r«>nval cur- 
rent, anteriorly, by placing a small electrode about three or four inches 
in size directly’ above the pubis and a large iuditVereiit electrode upon 
the hack of the patient. With those large electrodes the milliamperagc, 
as measured hy the hot wire meter, should he from 1,000 tn I,,“»00 milli- 
amperes, or more or less, as the patient tolerate*, the current, uml the 
applications should he administered daily, or twice daily when possible, 
as in all eases when hyperemia is to be maintained in accordance with 
the principles of the method. 

Tuberculosis of the Kidney.- Tuberculosis of the kidney may he treat- 
ed on the same general principle us tin* two preceding conditions. After 
the usual X-ray series, radiant light and heat and tin* direct dWr-miival 
method should he employid. It is possible by eatheteri/.iug the ureter 
to discover which kidney is involved, the urine having given evidence of 
the lesion in that region. In this ease it would he only nece-surv to make 
file applications to mu* kidney; otherwise it would be nece^ary h> treat 
both kidneys in the same way. As hyperemia can do no injury to the 
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unaffected kidney, there will be no contraindication against applying the 
current to both. In this event, however, the indifferent electrode should 
be placed over one-half of the abdomen, and one about the size of the 
kidney directly over one kidney, and then repeat the treatment, removing 
both electrodes to the opposite side, thereby preventing overstimulation 
of the intervening tissue. This method may also be employed in the treat- 
ment of other kidney lesions, including pyelonephritis and parenchymatous 
nephritis, according to the method of Dr. Nagelschmidt of Berlin. 

Tuberculous Peritonitis. — Tuberculous peritonitis, treated by the 
mixed treatment above described, promises most brilliant results. The 
Roentgen ray has been successful in numerous of these cases when em- 
ployed alone. Gibson of Denver has reported numerous successes by 
this method. The combined employment, however, of radiant light and 
heat and the direct d’Arsonval method by the thermic induction of hyper- 
emia, following a series of X-ray exposures, offers the added benefit 
indicated. 

Tuberculous Arthritis. — Tuberculous arthritis, treated by the mixed 
treatment, X-ray, radiant light and heat, and direct d’Arsonvalization, is 
remarkably successful in early cases, before the bone is involved or struc- 
tural changes have taken place in the ligaments or synovial membrane. 
To derive the best results, however, from this plan of treatment, the di- 
rect d’Arsonval and radiant light and heat should be used, when possible, 
twice daily. The direct d’Arsonval current should be used for at least 
twelve minutes, and with a current strength regulated to the toleration of 
the patient at each administration, placing the electrodes upon the op- 
posite sides of the knee joint. Another method, when it is desirable to 
produce a general hyperemia in the joint, is to place a metal electrode 
immediately above the patella, and another one over the gastrocnemius 
just below the popliteal space, and pass a current of 1,000 to 1,500 inilli- 
amperes, or more if tolerated, through the tissues. This method was re- 
cently described by Dr. Nagel schmidt of Berlin, but has not appeared in 
any contribution by him. 


Pyogenic Infection 

The treatment of pyogenic infection by electricity should follow very 
much the same routine as in the treatment of tuberculous infection, the 
principle being practically the same, though in streptococcic infections 
it is not good practice to prolong the period of raying, as in tuberculous 
infections, except in indurated acne, but to employ one massive dose. In 
ten or twelve hours the raying should be followed with an energetic ad- 
ministration of radiant light and heat or the direct d’Arsonval current, 
one or both, as the conditions indicate. The rapidity of the progress of 
these infections, and the seriousness of delay, will not permit the pro- 
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lulled course 1 of treatment pres<*rihe*d in flu* treatment of the more sub- 
acute conditions. ' 

Carbuncles.— Carbuncles in tin* tirst .stag's are diagnosed by tlie ex- 
tent of the area of tenderness with induration, with possible indications 
of one* or more sinuses with slight vesication at the surface, indicating 
the prcseuice* of an extensive area of infection. When cases conn* under 
observation before suppuration has intervened, the application of the 
X-ray should he made for fully thirty minutes with an intensity ap- 
proximately indicated by one milliampere of current passing into a low 
vacuum tube supported at a distance of twelve to fourteen inches from 
the patient. There is absolutely no danger from this long exposure in 
any case, and it is important in order to produce a profound effect upon 
the germs present. In twelve hours tins exposure should be followed by 
a very long application of radiant light and heat, as intense as can be 
tolerated. This will oIVsel any deleterious etfect that might have oc- 
curred from t lit* ray, besides inducing an active hyperemia. Follow this 
immediately by the application of the direct d' Arson valizat ion method 
with a metal electrode placed directly upon tin* skin, or with an inter- 
vening wet material, us gauze or absorbent cotton, the edges of the elec- 
trode having been turned up, and even pressure lining distributed over 
the surface. On the opposite side of the body a large indifferent elec- 
trode is placed, and this current is continued for twelve to tificen min- 
utes, or even for a longer lime, regulating the current strength to the 
toleration of* flu* patient, and employing approximately 1,000 to 1,500 
millianiperes of the current, or more if tolerated. In seven* cases radiant 
light and heat and the high frequency current should he employed twice 
daily. In two or three days the lesion will, in most eases, have absolute- 
ly disappeared, ami the carbuncle will he aborted. The method of treat- 
ing this seven* type of local infection best illustrates the general routine 
for relieving other eases of infection with electricity. 

Boils and Whitlows. — Foils ami whitlows will be treated in practically 
the same maimer, unless in the very early stages, he fore any pus has 
formed, an application of the direct d’Arsonval current for tin* induc- 
tion of iulen.-e hyperemia, either employing a metal electrode about one 
inch in diameter, or for the active electrode employing a vacuum elec- 
trode until the ^kin is very hyperemie over an area two or three inches 
in diameter; after which apply the static brush discharge until the in- 
durated area is softened. The active hyperemia thus induced will often 
■ facilitate the prompt destruction of the germs and arrestment of the 
process. 

A frlon or whitlow will be cured very promptly in the first days by 
placing the painful surface of the linger in the depression of a vaginal 
electrode and employing the wave current met hoe 1. regulating the spark- 
gap to the toleration of the patient. It must hurt considerably to dis- 



THERAPEUTIC APPLICATION OE ELECTRICITY 405 


sipate the induration. The current should be continued until all pain, 
except that of muscular contraction or cramp, has disappeared, when the 
induration will have disappeared from the finger. Two treatments in 
this manner will abort a felon on the first or second day without danger 
of setting up a diffuse infection. The same thing can be accomplished 
with the static brush discharge applied until the induration is dispersed. 
It is advisable here, as in the treatment of boils, to employ radiant light 
or the high frequency current from a vacuum tube, until the finger is 
thoroughly hyper emic, before employing the mechanical method de- 
scribed. 

Furuncles. — Furuncles may be treated by the same methods as the 
lesions described, care always being taken not to use a mechanical method 
where pus is present. 

Suppurative Tonsillitis.* — Suppurative tonsillitis may be treated on 
the same principle exactly as boils and whitlows. On the first days, be- 
fore the temperature indicates the presence of pus, the induction of local 
hyperemia by either light or the direct d’Arsonval current, or both, fol- 
lowed by the static brush discharge, wave current, or direct vacuum tube 
current, applied externally over the indurated area, will dissipate the 
induration and cure the condition. The writer has obtained this result 
so often in these cases that he cordially advises the employment of the 
method. 

Otitis Media, Mastoiditis, and Suppuration of the Frontal Sinuses and 
Antrum. — See chapter on Light Therapy. 

Appendicitis. — For acute appenditis see chapter on Light Therapy. 

Chronic appendicitis may be treated in very much the same manner 
as tuberculous infections, using the X-ray for a series of exposures for 
the purpose of destroying any local infection present. This is to be fol- 
lowed by the direct d’Arsonval method applied practically the same as 
for the treatment of tuberculosis of the kidney. The results in these 
cases are very satisfactory, unless the appendix has become adherent to 
the intestine, ovary, liver, or abdominal wall. The treatments, however, 
may have to he continued for a month, and rarely longer, before the ten- 
derness is entirely dissipated. 

Abscess of the Colon, Mesentery and Liver. — The same principle of 
treatment is to be employed here as in external abscess. In the descend- 
ing colon, however, it is often possible, after the ray and direct d’Arson- 
val have been employed, to use the static wave current with safety to 
remove the infiltration, the infection having been destroj'ed by the light 
and direct d’Arsonval following the Roentgen ray. 

Pyelonephritis. — Pyelonephritis may be treated in practically the same 
way as tuberculosis of the kidney, and with a fair prospect of success. 
One ease, however, in a child has been reported by Ur. West of Phila- 
delphia, in which the wave current was employed over the kidney, and 
38 a 
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wliit'h resulted in a complete evacuation of the* contents through the 
ureter, followed hv complete recovery. 

Infection of the Extremities.- -Localized extensive infection of the ex- 
tremities is most successfully treatetl hv the intinetion of hyperemia with 
dry heat by means of the local dry hot-air apparatus. The direct d' Ar- 
son \ al method, however, is practicable when the infection is localized; 
blit, when extending the length of I lit* limb, it is not, so effective and cer- 
tain as the treatment by dry, hot air, which induces active* hyperemia in 
tlu* whole length of the limb. ( See chapter on Light Therapy.) 

Pelvic Cellulitis.- Pelvic cellulitis should be* treated on tin* same gen- 
eral principles as other septic processes. A cylindrical metal electrode, as 
large as can be comeuiently placed in the rectum, should he placed as 
close as portable to tin* area of local tenderness, and a large abdominal 
electrode be placed directly opposite above the pubis, A current of 800 
to 1 ,f>00 miiliampercs, according to the toleration of the patient, should 
then la* passed for from ten to tifteen minutes. This administration 
should he preceded or followed by a prolonged exposure to radiant light 
and heat. 

Indurated Acne. — When the pustules are very numerous, the most 
successful method of treating this trouble is with the Uocnlgen ray, al- 
ways carrying the exposures to the induction of dermal it is, ami follow- 
ing tin* irradiation with the employment of high frequency applications 
from vacuum tubes. 

When tin* nodules are discrete and scattered they may he cured before 
advanced to suppuration by inducing ( 1) a very active hyperemia with 
the high frequency vacuum lube, and (2) applying the static brush dis- 
charge or the vacuum tube wav** current until the induration is removed. 
By this method the phagocytes are capable of destroying the infection. 
When this method is adopted it is prudent to make applications of the 
glas> \aeumn tidies to the extent of producing extensive hyperemia over 
considerable surface surrounding the pustules, in order that the diffused 
hyperemia may, by increasing the local pre-cnee of tin* phagocytes, clear 
up the tissues from any bacteria present, and at tho same time produce 
a more active metabolism in the skin. 

(lO.NOUUlI ioa r, 1 X K MOTIONS 

In acute gonorrheal infection it cannot he shown, except in the very 
earliest stage, that the usual electrical methods of treating infections are 
especially effective. It is probable, however, that a technique will be 
d< velopcd which will succeed in arresting the process at any stage. In 
the chronic conditions, however, the results arc eminently successful, and 
deserving of very thoughtful consideration by those who have not yet 
given attention to tla.-e subjects. 
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Vesiculitis. — Specific vesiculitis, than which probably there is no more 
vicious scourge, especially in its effects on the female, is treated with 
fairly uniform success by the employment of direct d’Arsonvalization, 
using a rectal vacuum electrode, the insulated tube of Dr. Titus allowing 
a greater degree of concentration, because the current is diffused other- 
wise the whole length of the tube. The local heat produced, however, 
will be relative to the surface, and, therefore, with an abundant milli- 
amperage of current, it is possible to use the uninsulated tube with equal 
success. 

A misconception exists in the minds of many, and with some writers, 
we regret to say, with reference to the dispersion of the current from a 
tube placed in the rectum or other cavities. It has been said that, unless 
the tube is insulated, the current will all be given off at the entrance to 
the anus. The fallacy of this opinion can be readily demonstrated by 
holding a vacuum tube in the closed hand, and, with the fingers sep- 
arated, noting that the discharge goes equally to each finger in contact, 
or to one placed on the extreme end of the tube. 

The static wave current should be applied in the treatment of gonor- 
rheal vesiculitis, following the application of the high frequency cur- 
rent, with a view to evacuating the contents of the gland. If this treat- 
ment is administered daily, it is remarkable how soon the shreds and 
other evidences of infection disappear, and, when continued for a month 
or six weeks, it is in most cases impossible to find by any means evi- 
dences of infection. The prostate gland is treated coincidently with the 
treatment of the vesicles, thereby treating the whole of the upper genital 
tract for removal of the infection. 

Gonorrheal Prostatitis. — Gonorrheal prostatitis is treated by practical- 
ly the same method as the uninfected cases of prostatitis (see Prosta- 
titis') . 

Epididymitis. — Epididymitis is promptly cured by the application of 
the vacu um tube wave current with a suitable electrode, or the wave cur- 
rent with a metal electrode formed to fit the parts directly over the epi- 
didymis. Most of the pain and tenderness will disappear at the first 
treatment, if thorough ; a few succeeding treatments completing the cure. 
While this may seem incredible to those unfamiliar with the method, tlio 
effect is explained purely by the mechanical action of the current, it re- 
moving the induration and infiltration present in the tissues. Eollowing 
the application of the mechanical treatment, after the tissues are stim- 
ulated by the exercise, there will always be an increased flow of blood 
for a time through the parts. It is during this hyperemia that the 
phagocytes remove the cocci present. 

Salpingitis. — Salpingitis is treated under practically the same prin- 
ciples as the other infections, by placing a vaginal electrode in position 
against the cervix and a metal electrode above the pubis, and employing 
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t lit* direct dWr^onval current. The re-mlts in these eases are uniformly 
good in early eases. 

Pyosalpinx. Pyosalpinx may he treated l»v tlio employment of the 
diroot* d’Arsouval ouiTont with a mot a l or glass electrode placed high up 
in the rectum, and a largo abdominal plate plaoo<l above the pubis, using 
a fairly large amperage of current, 1,000 to l,o00 milliamperes for ton 
or twelve minutes daily. Tin* results from this method in the early stages 
of pyosalpinx are very eifeetive, and there is no danger whatever from 
the administration, and a prosper! of success in many cases. Another 
method which is more heroic, and not free from danger, hut which has 
proved effective in cases in other hands i< by tin* list* of the direct vacuum 
tube current. A vaginal electrode is placed against, the cervix with the 
patient lying upon lie r bnek on the slatie chair, which is placed upon 
tin* insulated platform; tin* spark-gap is then gradually lengthened to 
three or four inches, and treatment continued for twenty minutes. Ily 
this method the contents of the tubes are forced out and evacuated through 
the uterus, owing to <uee* s*.ive coni ruction and release induced through- 
out the uterus and appendages, and the condition relieved. 

DtSKASKS OK ToXlC OlMUlN 

ITider this classification are numerous conditions which have often 
been designated as “rheumatic” instead of toxic infections, under the 
delusion of what was long designated the "uric acid diathesis.” They 
include tin* various t.vpes of arthritis, and various heart ami throat le- 
sions, which have their origin usually in derangements of the intestinal 
tract, arising from defective metabolism associated with impaired diges- 
tion, secretion, and absorption. 

The part played by electricity in the treatment of these conditions 
may he divided into three distinct effects; ( 1 ) The restoration of tom*, 
metabolism, and increased activity, with a disposition to evacuations by 
the employment of the mechanical currents the static wave current, or 
sinusoidal current. (2) Tin* thermic currents as applied increase hyper- 
emia, effecting aUn an increase in nutrition and metabolism of the ab- 
dominal viscera* and (t») an increased energy of the system in throwing 
off excesses of various intestinal flora, with evacuation* I here ‘hv preventing 
the possibility of decomposition of the feces. When constipation is 
present, other means are often nceesj-ary for a time in connection with 
mechanical currents to effect the removal of the intestinal contents. In 
order that the pabulum upon which the bacteria can develop he limited, 
the food consumption should he carefully adapted to physical require- 
ment*, and not in excess. Primarily the treatment of toxic infection 
must look to the removal of tin* causes here suggested. 

Joint Inflammations, — The local treatment of joint inflammations, as 
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rheumatoid arthritis, gout, and other arthroses of intestinal origin, con- 
sists in the employment of means which restrict the growth of germs 
and institute more active metabolism in the structures of the joint by the 
removal of infiltration and the establishment of active circulation in the 
tissues. This may often be accomplished best by the administration of 
the static wave current, applied by placing metal electrodes securely over 
and around the joints where the current will produce most effect, avoiding 
bony prominences. The electrodes may be cut in various shapes adapt- 
able and molded about the joint. 

The direct d’ Arsonval current may also be used often to advantage 
in these cases by applying electrodes on each side of the joint, and pass- 
ing the current directly through the synovial membrane of the joint, 
thereby increasing the circulation and metabolism and promoting the 
elimination of the toxic poisons, which may have aggravated or caused 
the active inflammatory condition in the joint. This method is applied 
as previously described in the treatment of tuberculous arthritis. 

Gonorrheal Arthritis. — Gonorrheal arthritis is cured with the greatest 
promptness ill most cases by the treatment of a local gonorrheal vesicu- 
litis and prostatitis, which are the usual source of the toxemia. The pain 
and active process usually disappear within three or four days after 
daily treatments are instituted, except in the very chronic cases, when 
it may require the additional employment of static sparks, and the direct 
d’ Arsonval current directed to the affected joints. 

Pericarditis and Endocarditis. — In pericarditis and endocarditis, with 
the usual attention paid to the alimentary canal and diet, the local treat- 
ment should consist of prolonged and frequent local applications of ra- 
diant light and heat, and the direct d’ Arsonval method, with the current 
applied directly through the cardia with the usual technique employed 
with reference to dosage and position and size of electrodes in the treat- 
ment of other viscera. 

Pharyngitis and Laryngitis. — In toxic pharyngitis and laryngitis the 
usual routine of dietary regime, together with the local use of radiant light 
and heat and direct d’Arsonvalization, with systematic inhalation of anti- 
septic substances, usually promptly relieves the local congestion and ir- 
ritation present in these cases. 

Simple Inflammation 

The designation of simple inflammation signifies an inflammatory 
process which, though infection may be primarily the origin, is not char- 
acterized by the presence of germs at the site of the active inflammation. 

The origin of inflammation of this type may be (1) from mechanical 
or chemical injury, (2) defective metabolism, or (3) toxic causes. 

The conditions presenting in local inflammation of this type are char- 
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aeterizod at tin* ornot b\ ( 1 } an increased vascular dilatation with rapid 
inlhix of blood, winch directly engorges t h<- tissues, resulting in (iJ) swell- 
ing, induration, or stasis. ( ,‘J ) Pain under these conditions may lie absent 
except when prepare is applied to tile indurated tissue, or ihe induration 
may he so pronounced that pain is constantly present, due* to marked pres- 
sure upon the end nerve filaments. (-1) Round eel l infiltration and ex- 
travasation of fibrin and other products of inflammation promptly till the 
intercellular spaces, and the tissues become more hardened and sensitive 
to pressure. ( ."> ) Organisation takes place if inilaummtion once present 
and unresolved becomes chronic with the organizal ion of hyperplastic or 
sear tissue - poorly nourished tissue of low vitality. 'Phis is the usual 
clinical picture id' localized inJlaiiimation, resulting from an accident over 
which nature has but moderate control; and when “left to nature/’ as 
has been the oft-repeated saying, results in chronic intlamniat ion and 
disease. As a consequence, the tissues (l) become hypertrophied and 
deformed, ( '2 ) with a tendency to the formation of plastic adhesions, with 
ankylosis of movable parts; ( d ) metabolism is absent or impaired in the 
parts affected ; ( 1) resulting: in derangements of function, and in some 
eases degeneration and destructive processes are instituted under these 
conditions. 

The (rrahnnd of inflammation must soon bo recognized as properly 
the field of elect rot Jie rape alien. The general recognition of the principles 
involved in the treatment of these conditions will lead to the early relief 
of a very large part of human suffering. 

Treatment of a sprained joint will well illustrate the* principles in- 
volved in the treatment by electricity of inflammation which is not in- 
fected. It. was thi' treatment of such a ease that lirst led the writer to 
discover the method and principle of employing mechanical currents for 
the treatment of intlamniat ion. The present, generally accepted, method 
of treating a local contusion or sprain is tin* early application of ad- 
hesive straps firmly applied to prevent the engorgement, of the tissues, 
following the injury. It is a well-established fact that under these con- 
ditions the sprain more rapidly reemers than by the older method of rest 
and elevation. Ry this method, however, it is impossible to entirely pre- 
vent infiltration of tin* tissues, because it is not possible to prevent the 
collection of blood in the synovial membrane, and over spots where it is 
not possible to make firm pressure. If massage, manipulation, or the 
application of mechanical vibration is applied, except with the greatest 
gentleness, and then only in selected eases, it may bo possible to dis- 
sipate the infiltration; lmt any measure which, when applied, produces a 
degree of irritation will be promptly followed by a recurrence of the 
swelling. 

Theoretically, and practically, two methods are successful in afford- 
ing relief in the very earliest stage of involvement: (^1) one which pro- 
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luces a very intense hyperemia, with dilatation of the capillaries, may 
permit the blood to flow on through the injured part and thereby not ob- 
struct or engorge the tissues. Measures which may succeed are the 
prompt application of radiant light and heat, or the direct d’Arsonval 
aurrent, or both. (2) The application of mechanical electrical currents, 
as the static ivave current, when applied to the site of an injury, produces 
successive contraction and relaxation, and thereby propels the blood stream 
Dn through the tissues, and prevents swelling or an accumulation of in- 
filtration. The latter is certain to be the most effective measure. 

When swelling and induration are once established, however, the 
method by induction of hyperemia will not again open the channels of cir- 
culation and relieve the local swelling. It is in such cases, therefore, that 
the high frequency currents and radiant light and heat fail in the treat- 
ment of inflammation, and it is in these same cases that the static modali- 
ties occupy the field unrivaled in the treatment of the type of inflam- 
mation under consideration. The static ivave current , the sialic brush 
discharge , and the static spark, alone or in combination, as indicated, are 
capable of dissipating infiltration or local stasis. If persisted in most 
of the induration and infiltration following a severe injury of the joint 
will be removed. This will permit a disabled patient to use the part 
with very little pain or suffering after the first treatment. Though 
this operation may require from thirty minutes to an hour, the result 
is positive, and the condition is practically cured at the first treatment, 
though two or three succeeding applications of a similar sort will hasten 
a complete restoration of a part. It is only in conditions in which a bone 
or ligament has been ruptured that these results are not obtained in early 
cases by the following method: 

The visual routine is to apply the static wave current with electrodes 
fitted gently over and in close contact with the affected part, for twenty 
minutes. This should be followed by a thorough application of the 
static brush discharge over the whole of the swollen area, until the tis- 
sues are well softened, and then static sparks should be applied, localized 
with a spark director into the hollow spaces and interstices between the 
bones of the joint. After this the joint will be moved with little or no 
pain. The novice may attempt this operation by a negligent method and 
fail, as will the prejudiced operator who is not willing to believe it pos- 
sible to obtain these results. 

The scope of indication for the employment of this mechanical method 
of relieving the tissues from induration and infiltration is very wide. 
From the application of a small vacuum electrode over an obstructed 
tear duct, to the treatment of the inflamed tissue of a sacroiliac joint, and 
including congested and infiltrated viscera not the seat of an infected 
or malignant process, is the scope of employment of the mechanical cur- 
rents in the treatment of inflammation. These methods have only to be 
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im eMigalcd in he recognized, when they must he accepted b\ the pro- 
fe**don lit I;i i . Speeificalh eorndden d. I In* M*ope of llii.*» method inebides 
I lit* treatment of ;i vorv l;i i*i* t* number of local rniidit ion*. 

Associated with iu/hnnnutfnrt/ eondi /inns, reflex muscular spasms are 
always prison! near t lit* M*at of intlammation. As the-e conditions are 
likc*\vist* removed l»y the mechanical effort* of the current, they will ho 
referred to in connection with t lit* treatment of eaeh intlammatorv nifee- 
f ion. There is no measure in therapeutic-; so active and energetic in 
relieving: mu-enlar spasm of the skeletal muscles as t h<* --I a t it* currents 
applied directly to the muscle, either in the form of the wave current nr 
the static 4 sparks. A few applications of static sparks are remarkably 
effective in relaxing muscles in a recent Mate of spasm, as present with 
neuritis ami the early stage of joint inllammat ion. Joint fixation h t y 
museular spa mu has unfortunately been looked upon as indicating' part of 
“nature's method" of curing joint dispense. In other words, it has been 
frequently said hv orthopedists that because nature puts a part to rest 
it should guide us in our action in the* treatment of these conditions. 
Nothing is more fallacious than such an assumption. As well sav that 
stasis is a part of the plan of the ris medieafrir nafunr and not an acci- 
dent, for both art* direct obstacles to improvement and recovery, the one 
interfering with the motility of a joint which would us<i-f iti removing 
the stasis, and the* other preventing repair hv arresting local metabolism 
at t Ik* site of the injury. No greater error can exist than the assump- 
tion that inflamed parts, except, fractured ones, should lie pul at rest. 
This has too often resulted in joint ankylosis, which is “nature’s method’ 1 
of cure. In chronic neuritis rest has often been employed for the treat- 
ment. of sciatica, when the rational method with tin* relief of inlhunma- 
tion and museular spasm will permit movement and hasten recovery. 

Three essential rules are to hi* observed in the treatment of every n un- 
infected iuflammafory process: (11 the removal of local induration or 
stasis; (21 the institution of systematic exercise, moderate at tirst, and 
gradually increasing; and (4) the relaxation of muscular spasm in the 
vicinity of the lesion. With these premises the* treatment of m*n-infeeted 
intlammation resolves itself into a very simple* proposition, which is es- 
sentially the field of electrotherapeutics; for no other agency or meas- 
ure* is so effective in relieving local inflammation of this type as the cur- 
rents which produce the mechanical effects described. 

Inflammation* of Joints 

The treatment of a sprained joint has been thoroughly outlined in 
the premises; and the* method constitutes practically that employed in 
the treatment of every type of joint inflammation, except the fractured 
and infected cases. 
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Synovitis. — In synovitis, acute or chronic, with the absence of an in- 
fections element, and when the parts are otherwise normal, the prognosis 
is uniformly good. They will be cured in most cases in a time relative 
to the chronicity of the condition. Acute joint inflammations of trau- 
matic origin are cured in a few days ; whereas conditions which have been 
present for several weeks or months will require weeks or months to effect 
a complete restitution, and in some cases, after two years, changes may 
have taken place in the joints in the form of villous hypertrophies, and 
other defects which may to a degree leave the joint impaired, and in 
which surgical intervention under modem skilled methods may be re- 
quired to effect a complete cure. In a very large percentage of cases, 
however, no such intervention will be required. In many cases the im- 
provement will be further hastened by the administration of the direct 
d’Arsonval current through the joint, following the wave current and 
sparks or alternating with the static treatment; the object of the former 
being to remove induration and infiltration, and the latter to increase 
metabolism and nutrition by increasing hyperemia. 

In addition to the treatment of the local inflammation the operator 
should always apply either the sparks or the static wave current to con- 
tracted muscles, until each muscle is relaxed. This relieves the pressure 
between the joint surface, removing an element which interferes with 
nutrition. In cases of rheumatoid arthritis and spondylitis deformans 
this pressure hastens the destruction and absorption of the interarticular 
cartilages. It will be noted that, in cases of spondylitis deformans, the 
skeletal muscles are largely in a state of tension, including the rectus 
and other abdominal muscles. No treatment affords so great relief from 
the suffering of these unfortunates as the relaxation of all muscular ten- 
sion. 

Sacroiliac Disease. — In sacroiliac disease an important diagnostic 
point is the presence of tension in the glutei, the adductor magnus, and 
the psoas muscles, and no part of the treatment of this condition assists 
more in its cure than the relief of the tension of these muscles. This is 
accomplished by the application of the static wave current with a flat 
metal electrode 4 or 5 by 12 inches, applied over the glutei muscles, ex- 
tending up over the lower end of the quadratus lumborum. In ten or 
twelve minutes, by employing a gradually increased length of spark-gap, 
a complete relaxation of these muscles is effected. The application sub- 
sequently of another electrode over the adductor magnus will also relax the 
tension of that muscle. The presence of pain in the muscles when the 
wave current is administered is diagnostic of muscular spasm, and sug- 
gests the presence of sacroiliac disease. The current should be adminis- 
tered daily or twice daily, in acute cases of sacroiliac luxation. In addi- 
tion the patient should be instructed morning and evening to exercise, 
raising and lowering the abdomen, supporting the weight upon the heels 
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mid shoulders. This is done t c > overcome tin- tension of the psoas muscle, 
ami to a**si-l in bringing the lioms int«» nornml position. I»y this com- 
bined method t In' acute luxation of tlu* 'Sicruiliac in tlu* first days may 
he promptly cured within a week or ton days. In tlu* more chronic eases 
a lunger time will In* rcijuin*d, am! tlu* prognosis will be bad in all cases 
after eighteen months or two \ cars of displacement. 

Rheumatoid Arthritis.- In rlu*umaloid arthritic when* so many joints 
an* affected, tlu* larger joints or tin* one** mo*d seriously involved may he 
treated with the wave* current or direct d'Ar-ximal, or both; and all of 
the i*mn Her joints and contracted muscles should be sparked until the 
parts an* thoroughly relaxed. This, together with the employment of 
light baths, and, what the author has found of supreme importance for 
tlu* purpose* of removing the ever-present intestinal putrefaction -the 
daily administration of high colonic llushings and the institution of a 
rigid nun-putrefactive (vegetable) diet. There are few id* these eases in 
the early stages that cannot he cured by proper dietetic, and elect rotheru- 
peutic regime. 

Tenosynovitis. Tenosynovitis in the early stages is very promptly 
relieved and cured by the application of the static 1 irii^h discharge, wave 
current, and sparks to tlu* extent of removing tlu* local infiltration. The 
crepitus readily disappears, ami, in eases even of -evcral weeks’ standing, 
the cure* is often effected in a few days. In some eases the additional 
employment of radiant light ami beat ami the direct d’Arsonval current, 
will hasten the restitution, and there is no objection to their use in all 
cases. 


•Nkukitis 

Neuritis should he treated from the point of view of a local inflam- 
matory process, the same as any other local intlammat ion. I'snally in the 
early stages the intlammat ion involves tlu* perineural sheath, and in some 
cases tlu* surrounding structures as well. Only tho.-e cases should he 
designated as neuralgia in which the pain is due to pre*— ure without in- 
flammatory involvement, of tin* structures of the nerve it-elf. (Mimeians 
ton frequently consider the sent of pain a** the site id* the lesion, which 
is a serious mistake from the therapeutic point of view, because the local 
lesion requires treatment to relieve the pain. It should lx* borne in mind 
that pain indicates a lesion or pressure upon a nerve somewhere in its 
course or in the neurons, and is referred to the periphery. 

The diutjHosis or localization of a neurit ie lesion is, in most cases, ac- 
complished with great facility. 

The author’s method, which he Hist described in his work on “Static Ki lec- 
tin i(y at d the I’ses of the X-Rav,” is to place a small oleetrode over the suspected 
silo of I he lesion, when, if great pain is prod need by a short spark-gap, when 
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the wave-current is applied, the suspicion is confirmed. Otherwise it will be neces- 
sary to place the electrode at some other place where the lesion is most apt to be. 
The inflammatory affection in neuritis is as a rule circumscribed within a small 
area. The fact that these localized areas have not often enough been recognized 
has led to the abuse of the term neuralgia. As stated in a former article 
by the writer, there are certain exposed regions which are common sites of 
neuritis. Such lesions are usually located at points where the nerve trunk crosses 
a bony prominence or fibrous structure, particularly when a muscle is over a nerve 
in an exposed part of the body, as in the following frequent sites of neuritis: 
where the sciatic nerve at the sacroseiatie notch passes beneath the pyriformis 
muscle; where the crural nerve passes beneath Poup art’s ligament; where the 
lumbosaeral cord and the anterior crural cross the sacroiliac synchondrosis; where 
the musculospiral and circumflex emerge from beneath the teres minor; where the 
suprascapular passes out beneath the trapezius and enters the supraspinatous 
fossa of the scapula; where the inferior-dental enters the canal in the inferior- 
maxillary bone; where the superior-maxillary or second division of the fifth cranial 
nerve emerges through the infraorbital foramen. These exposed points and 
many others explain the traumatic origin of a large percentage of the cases of 
neuritis, the peculiar conditions accounting for frequent occurrence at these sites. 

In herpes zoster and intercostal neuritis deep pressure made 'in the 
intervertebral spaces over the posterior roots will often elicit points of 
tenderness. 

The treatment of neuritis should be directed to the relief of the local 
inflammatory condition. In eases of toxic origin there will be relief 
from the employment of intestinal evacuation and antiseptics. Rest and 
local applications of light and heat are of little avail if the lesion is 
considerable, or comes late under observation. 

The writer’s method of treating neuritis, which he has employed in more than 
nine hundred cases, has met with uniform success when the lesions have been 
accessible. The method is in accord with the general principles of the treatment 
of inflammation with the static modalities. The application of the static wave 
current is made over the lesion, and static sparks and the wave current are 
employed to overcome the complicating muscular tension. 

The general plan is to place a metal electrode of soft pliable metal 
(22 gauge) over a site considerably larger than the lesion, in such a 
manner that the metal is held usually with a pillow in close contact with 
the skin. The static machine is started at a slow rate of speed, and the 
spark-gap gradually opened as the toleration of the patient will permit, 
always insisting that the patient bear a moderate amount of pain. Oth- 
erwise very little relief can be afforded from the treatment, because the 
contraction of tissues induced over an inflamed area increases the pres- 
sure and pain. As the pain with a given spark-gap diminishes, the gap 
should be gradually lengthened during the full twenty minutes. At the 
first treatment there will be pain during the full period of treatment. 
While this is depressing to the patient at the time, the relief afforded is 
so great that patients rarely complain at the second treatment. 
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7/i severe rases of unite neuritis I la* applications should he made 
twice daily, and, as tin* condition improves, daily treatments ti rt* (<> he 
continued until 1 lit* condition is practically cured* The results from this 
plan of treatment are always effective, if the technique is properly car- 
ried out, ami the lesion is accc-sihlc. Neuritis in different parts requires 
some special electrode and technique for treatment. 

Sciatica. — When the lesion is at the notch begin with a spark-gup 
usually of not more than three-quarters of an inch to one inch, .suitirient 
to cause an endurable local pain, and then lengthen the spark-gap gradu- 
ally as the pain heroines le.-r> for twenty minutes, at the end of which 
time the spark-gap may he lengthened to approximately three or four 
inches, varying with conditions. At each succeeding treatment it should 
he possible to start with a longer spark-gap, gradually increasing it, when 
finally a time will come when no pain will he produced no matter what 
flu* spark length. 

Ily this method two effects are* produced: a complete relaxation of 
the pyriformis nuncio, and, to a greater or less degree, removal of the 
infiltration from the inflamed nerve. The patient who i.-» assisted to the 
oflieo for the iirsl treatment is often able to walk out. wit limit, pain. 

In acute east's the treatment* should he repealed twice daily. The early cascw 
art* often successfully treated with the wave current without recourse to sparks. 
There is ao east* of sciatica iti which tin* process is only a simple iutluiiiiuaiion, 
and in which adhesions have not taken place, that cannot he promptly cured by 
this method, and, when adhesions ha\e occurred, the additional use of the X-ray 
and a great many static sparks to the site of tin* lesion will gradually effect absorp- 
tion and a complete recovery. The worst eases may require from live to six 
months; but ordinarily eases of two or three mouths' standing will he cured in 
from one month to six weeks, and the acute eases should always he cured within 
ten days or two weeks. The writer bases these statements upon his own experience, 
not having fulled, in upward of seventy -live acute eases, in curing them within 
two weeks, and many of them in less time. 

Intrapelvic Neuritis. — In the sacroiliac cases the stntie wave current 
may he applied with a metal rectal electrode held in position against ihe 
nerve at or near the brim of tin* pelvis, over the place when' these nerves 
cross tin* synchondrosis. In addition the local joint iuthimniation is 
treated as described elsewhere, q. v. In most cases this condition is 
promptly cured, only tin* chronic case* resisting the treatment. 

Branchial Neuritis. — Brachial neurit i* is one of the uio«*t common con- 
ditions which confronts flu* clinician, and one from which large numbers 
of people sulfur uncured for year*. Many cases of neuritis are compli- 
cated by a bursitis; and many cases of bursitis are mistaken for neuritis, 
i. e., inflammation of the subdeltoid lmrsa. The* treatment of there cases 
is practically the same as for neuritis, when pain exists at the site* of the 
bursa. There is muscular spasm in the* muscles — pectoral, deltoid, and 
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other muscles of the shoulder in both cases. The application of the 
static wave current over the bursa and contracted muscles is effective in 
most cases in relieving the painful condition, but should be employed 
when chronic or resisting in connection with the application of the static 
sparks, until the movements of the arm at the shoulder are complete. 
An electrode of soft metal, 3 to 5 inches by 10, should be placed first over 
the shoulder midway between the neck and the outer border, extending 
from the clavicle in front backward over the scapula, for twenty minutes, 
then place it over the shoulder and upper third of the humerus in such 
a manner that one end lies over the belly of the pectoral muscle and the 
other end over the triceps back of the axillary space, for 15 to 20 minutes, 
the latter so long as any length of spark-gap causes pain. Pull extent of 
movement will not be accomplished in chronic cases sometimes for weeks ; 
but persistence both in the cases of brachial neuritis and bursitis will 
effect a complete cure of the condition in nearly all cases. In many cases 
in which the muscles arc tense, and the condition has been of long stand- 
ing, the application of mechanical vibration over the muscles and about 
the joint, as well as in the upper dorsal and lower cervical regions, will 
add very much to the relief and hasten the cure of the condition. 

The prognosis in those cases, as in all inflammatory processes, as to 
time, is relative to the time the lesion has existed. The treatment should 
be administered until they are cured. After a time the treatments may 
be given on alternate days, but the sum total of treatments will be less 
in all cases if the treatments are administered daily. The prognosis as 
to cure is good in all cases when an ankylosis has not taken place. 

Tic Douloureux. — Tic douloureux, so-called “facial neuralgia,” is 
successfully treated by practically the same method as is employed in 
other cases of neuritis. In most cases, fortunately, only one of the many 
trunks of the nerve is affected, the most common being the branch which 
emerges from the infraorbital foramen. In other cases the inferior den- 
tal branch or the temporal may be involved. The lesion in most cases is 
fortunately at the site where the nerve emerges, and over these points the 
electrode should be pressed firmly during the treatment. The spark-gap 
should be at the start as long as can be borne, and lengthened very grad- 
ually as toleration will permit. It is the writer’s custom to have the 
patient hold the metal electrode in position with the bare hand, the elbow 
resting upon the arm of the chair, during the administration. After the 
wave current, the writer’s method is to apply the static brush discharge 
to the extent of inducing an active superficial hyperemia over the face. 

Neuritis over the Cranium. — In neuritis over the cranium the only 
measure that can be applied satisfactorily is the static brush discharge. 
This, however, in this instance, is generally adequate, because the lesion 
is a superficial one. 

Herpes Zoster. — This distressing type of neuritis is cured in most 
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cases in two or three day-, x\hcn tin* patient-* come under observation at 
t lit* outset. Tlu* applieat ion of heavy xihralioii with flic hull vihratode 
along tlu* intervertebral spaces of tin* involved branches, and tin* implica- 
tion of static sparkf. with tin* -quirk director to tlu- same points together 
with the iipplicsition of tin* .-tntic* wave current o\cr tlu* painful ami, is 
promptly effective. 

In nci/tcctcd caws, when the herpetic eruption ha-* developed, the ap- 
plication of the -tatie hru.-di di-eharge « #\ t r the herpetic patclic** and over 
t hi* surface generally, followed by an application of .-tat it* f parks freely 
over the surface- - it being impo— ilde to use tlu* wave current over thesa 
patches — the condition is prompt lx relieved and usually cured witliin 
a week from the outset. The patches disappear in ni<»-t ea-es in three 
ov four days. No greater satisfaction can he obtained front any method 
in therapeutics than from the treatment of herpes zoster, as here, de- 
scribed. 

PkI.VIC I N I- [ANIMATION 

The treatment of noil-infected intlaimnat i«»n xvithin the pelvis, as 
found in conditions affecting the organs or parts of both sexes, as of the 
uterus and appendages in the female, and the prostate and vesicles in 
the male, and various more or le-s trivial though annoying inllumiuutions 
of this type in tin* genitourinary tract, rectum, and bladder, are treated 
upon tlu* same general principle* employed in the treatment of the type 
of iidhimmafion under consideration el-ewhere. 

The technique of treatment in these iutrapclvic conditions requires 
the adjustment of properly applied electrodes adapted t * » the location, 
condition, and part to he treated, and a proper chair upon which the 
patient may comfortably recline. 

Some prejudice has been created in the minds of clinicians against 
the use of glass vacuum tube-, owing to the fact that there have lieen 
occasional accidents from breakage of these electrode**. This however, 
is a negligible* quantity when the electrodes are carefully tested and 
foum 1 to be of firm construction. 

Tin* indications for the choice of metal or gla-s electrodes, when em- 
ployed with the current** described, are practically as follows: The cur- 
rent. from the metal electrode is more* energetic, other things being equal, 
and the effects of tlu* treatment more pronounced than from the glass 
vacuum electrodes. This, however, may he varied, as previously shown, 
by using terminal halls of different sizes upon the* ends of the discharging 
rods — the smaller halls giving a softer, less inten-e mechanical effect. 
The advantage of the metal electrode* i> that, when indicated, they do 
produce more positive effects. Tin* metal electrodes for lightness should 
hi* made of aluminium and well polished. 

The wave current with vacuum tubes produces relatively mild me- 



THERAPEUTIC APPLICATION OF ELECTRICITY 419 

chanical effects, other things being equal, and the electrodes are lighter 
and more easily made in shapes to conform to the various parts to be 
treated. 

Dysmenorrhea. — Dysmenorrhea must be considered, as a rule, not 
due to stenosis, but commonly to spasm at the cervix, which the results 
of treatment demonstrate to be due to congestion in the muscular struc- 
tures of the body of the uterus, the circulatory disturbance arising from 
various causes. 

The method employed by the author was discovered quite accidentally by him- 
self and his wife and associate, Dr. Mary Arnold Snow, when treating a case of 
constipation in which the obstructive cause was a retroverted uterhs. 

The authors method of treating dysmenonhea was published in his first work 
on Static Electricity and Uses of the X-Ray and has since been published by him 
and others, who have become conversant with the method. In 1908 Dr. Edward 
C. Titus reported fifteen eases treated by this method with good results. Dr. Titus 
made the following observation: 

“The uniformly happy results in the treatment of some fifteen cases during 
the past two years bear evidence of the help the advanced therapeutist is able to 
offer this unfortunate class of cases.” 

The writer and his wife and associate, Dr. Mary Arnold Snow, have since 
this discovery rarely failed in the cure of dysmenorrhea by this method, and have 
demonstrated the infrequency of an actual stenosis, and, furthermore, have, by 
actually curing a condition which has not been generally cured by other methods, 
been successful in curing the cases of hysteria in which this complication was 
present. These results have given strength to the opinion that it is at least one 
of the exciting causes of one of the functional neuroses. 

Subinvolution. — Subinvolution, when not due to the presence of re- 
tained secundincs or polypi in the uterine canal, is generally associated 
to a degree with relaxation, lost tone, and a condition of venous con- 
gestion and induration when not associated with the presence of infec- 
tion. It is promptly responsive to treatment by the same method as that 
employed in the treatment of dysmenorrhea in all uncomplicated cases. 
When adhesions to the rectum or peritoneum elsewhere are found, gen- 
erally associated with retroversion over the wall of the rectum, the cur- 
rent applied in this manner aggravates the condition. First employ sur- 
gical interference for the purpose of separating the adhesions, and then 
employ the static method. 

In all other cases the static wave current applied, as previously de- 
scribed, is promptly effective, usually witbin two or three weeks. 

Ovaritis and Ovarian Pain. — Except in cases in which an organic 
disease of the ovary exists, associated with either malignant or cystic 
disease, the presence of a complicating subinvolution or dysmenorrhea 
has been shown by the relief and cure of these conditions to have been 
the cause. It is very rarely that this symptom is found, except there is 
present one or another of the forms of uterine congestion, infectious or 
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lion-infectious. Where the pains an* severe and persistent, and there is 
a certainty iliat no infection is present, tin* wave* current may Ik* applied 
directly o\or tin* region, or, when in doubt, the direct d'Arsonval eurrent 
for the imluetiou of localized hyperemia will in many ease?* relievo the 
symptom of pain, and the regional muscular spavin usually assoeiated 
with it. There are very few eases of local ovarian pain that cannot 
he cured hv one nr another of these procedure*-, one or more of which 
should always he employed prior to performance of any contemplated 
operation. When these methods arc generally recognized, they will lai 
adopted by the gynecologists ; then surgery will be rarely resorted to in 
the-e eases. 

Infiltration or Congestion of the Meatus of the Female "Urethra. — 
These conditions are promptly relieved by the employment of the vacuum 
tube wa\e current, iir-1 employing a- large a vaginal electrode as van In* 
passed, held tirmlv against tin* urethra with an X-ray tube holder, and 
later using a urethral electrode as large as will puss, inserted into the 
urethra. The treatments should he administered daily for at least fifteen 
minutes. 

Urethral Caruncles. — Urethral caruncles partake iu most eases of two 
conditions: (1) a hyperplastic growth, and ci) an associated i n til t ration. 
The treatment should he the same as in the preceding eondition up to 
the point of relieving the local pain and congestion which arc usually 
present. To remove the caruncle, however, requires tin* employment of a 
more active measure, as of destructive fulguration or the negative pole of 
the constant current, or surgical removal. If either of the hitter methods 
is employed for the removal, a congestion of tin* meatus will follow 
the destructive treatment ; in order to overcome the ronsetpieul infiltration 
and prevent reformation of scar tissue, treatment with the vacuum tube 
wave current should hi* resumed until tin* reaction subsides. 

Hemorrhoids.— Hemorrhoids in the early stages, resulting from ob- 
structive circulation of the liver, or constipation, are very promptly re- 
lieved and the distressing pains and tenesmus arrested by the application 
of the vacuum tube wave current with the electrodes designed by Dr. Ar- 
nold Snow, An electrode which will pass without causing too much dis- 
comfort is placed in position and pushed firmly up against the anus, in 
order to ulTeet any external or protruding piles present. The shoulder of 
this electrode is designed for the treatment of these cases. 

Fissure iu Ano. Fissure in aim is treated in practically the same 
wav as hemorrhoids, though at tirsi a very small electrode is passed. The 
relief from this treatment is instant; and, if the bowels are kept loose 
for a week, the infiltration is softened at the margins of tin* fissure, and 
file surfaces heal together in a few days. There is probably no more 
simple method of treating a very distressing affection than the treatment 
of fissure in ano by this method. 
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Spasms of the Sphincters. — Spasms of the various sphincters are 
promptly overcome by the employment of the static wave current or 
vacuum tube wave current in the method described. There is no other 
measure that compares in efficiency with the passage of electrodes, grad- 
ually increasing the size for the relief of spasm of the sphincters, includ- 
ing vaginismus. 

Spasm at the Sigmoid. — Spasm at the sigmoid is relieved on the same 
principle. It requires, however, a specially formed electrode to success- 
fully reach the sigmoid. The author has employed the electrode which 
is so curved that, by rotating it as it is inserted, it readily passes into the 
sigmoid. Pirst pass the electrode through the sigmoid past the spasm, 
and then gently draw it down until the constriction is felt. After ten 
minutes it may be drawn farther down and the current be continued for 
ten minutes longer. The employment of this method is often of value 
in relieving stubborn cases of constipation due to spasm at this site, q. v. 

One case of constipation, which the author had under treatment for 
upward of two months with indifferent results, yielded promptly and per- 
manently to three applications of the wave current at this site. It is 
very difficult to make a diagnosis of this condition, except by the employ- 
ment of this electrode, when the spasm will be readily appreciated, the 
final demonstration of its presence being the result of subsequent treat- 
ment. The same method can be employed in the treatment of spasm of 
the esophagus by attaching a small ball to a flexible wire, and having the 
patient swallow it, when the current can be gently turned on. As it 
drops down into the stomach, it can be returned to the cardiac orifice or 
other place of spasm by drawing the cord upward and holding it there, 
again applying the current. The wave current is also employed for 
overcoming muscular spasms of the gastrointestinal tract, employing the 
flat metal electrodes, relief being almost instant with the turning on of 
the current. 

Muscular Spasm at the Internal or External Abdominal Ring. — Mus- 
cular spasm at the internal or external abdominal ring, contracting about 
the cord, is relieved by the wave current. This is best accomplished by 
bending a piece of 22 gage composition metal so that the convex surface 
rests against the site over the canal, the patient holding it in position 
with a towel, when the current will not pass through the thickness of the 
towel to the hand. The author employs this method in the treatment of 
varicocele, the varicosity disappearing in most early eases. 

Prostatitis.- — Prostatic enlargement may arise from various causes. 
The most common condition presenting, however, is one of infiltration. 
The infiltrated prostate usually presents on examinatioii a boggy feeling, 
and is often very tender to the touch. In some cases, however, in elderly 
men the condition may have become subacute, and will very closely re- 
semble the feeling of a fibroma. It is difficult in these cases at first to 
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different iatr ; but under trealnu nt the* rapid reduetimi in size, with sof- 
tening l)v tin* iir-t application of the wave current, will make 4 the diag- 
lici^i- of infiltration certain. 

If a condition of nm/ttnuinrif. f uhrmtlnsis, or ralrufi is pre-out in the 
gland, the condition will he aggravated hv the application of the wave 
current, which will he manifest at the lii-1 or second treatment, and will 
contraindicate the employment of the method. 

( lonorrlu al i>re*itilitis should he treated in the same manner as the 
other ea-e-, because the germ- are expelled by the mechanical effects of 
the current. In a few* ea-e- in which the vent montaumn was involved, 
extending unt« riorly * »r forward in the d< ep urethra, it is nof- always 
possible 1 1 > etTeet a complete rein f from ve-ieal disturbance-, though the 
body <d’ the gland is red need practically to normal. 

The author's method of heat mcnt. which was discovered by him more than 
ten years aim, is employed as follows. The patient is j laced u\ on his side upon 
the static chair with a } illow or folded sheet under his hips. The electrode is put 
in position and maintained then* either by the hand of the patient, or by tlui 
method at ptesent employed by the w liter held in position with an X-ray* tube 
holder. This treatment is continued for twenty minutes. In the eases of acute 
sensitive prostate, the spark -nap at the outset toieiated will In* ,ftont one inch to 
an inch and a half, and sometimes e\eu le— . The spaik nap should he lengthened 
gradually as in the treatment of neuritis and other iitlhumuatory affections, ns the 
patient will tolei.ile the ineicaso. in acute eases it may not In* possible to increase 
the spark length to lour or H\e inches during the administrations within the first 
week, though in most ease- at the seeond or third treatment it will he possible 
to open the spark-gap to three or four inelms at the outset. In the acute eases 
the prognosis is always good for a prompt memory, with a cure of impotence and 
great relief from rellex nervous symptoms sexual neurasthenia so commonly 
associated with this affection. In some east's, in which the gland is very sensitive, 
it may not be possible to pass an electrode past tin* gland at the commencement 
of the liist treatment. In such eases the electrode should he held in contact against 
the lower end of the gland, when, after live minutes, the machine may he stopped 
and the electrode passed a little farther, repeating this two or three times during 
the first treatment, or until it jusms freely into the rectum. It is randy dillieult 
to pass the electrode nt the outset of the second treatment even in these acute 
eases, (’are should always he taken that t lit* electrode and handle are in line with 
the axis of the body, so that the electrode will study lie in the median line against 
(lie two lobes. 

The rutf nf tlisthnnit at the spark yap should he regulated not to exceed IKK) 
per minute. This is a mailer of no small importance in the treatment of all infil- 
trating processes, or tor the udmf of muscular spasm. The treatment is adminis- 
tered daily for from the to ten days and then on alternate days until the gland 
is normal. This will he effected in tie tally cases in about one month. In cases 
of long standing it may take much lunger. Kxcept where tin* east's art* actual 
hypertrophy of the tissue elements, the gland e\en in advanced yea is may* he 
reduced to normal size. 

This method of treating enlarged prostate is commended liy* the writer, who 
has been successful in more than 20U eases, and his ex} erienee lias been con tinned 
by many ulhei absent rs in recent years; the results indicating that the operation 
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of prostatectomy should never be resorted to until these simple) har mles s) and 
efficient methods have been first tried. 

Vesiculitis. — Vesiculitis very often complicates prostatitis. Whether 
of simple or specific origin, the treatment is practically the same as for 
prostatitis, and is effective within a reasonable time. The cylindrical 
electrode is placed high enough to come in contact with the vesicles, and 
the treatments are administered in the same' way as in the treatment of 
prostatitis until the condition is relieved. 

Visceral Congestion. — Visceral congestion, including non-infection s 
inflammatory conditions of the liver, spleen, pancreas, kidneys, stomach, 
and intestinal tract, are all amenable to the same principles of treatment 
as infiltrations elsewhere, it being important in all cases to differentiate 
the presence of infection or malignancy. 

Cirrhosis of the Liver. — Hypertrophic cirrhosis of the liver is re- 
markably benefited, and the symptoms associated with the conditions satis- 
factorily relieved, by the application of the wave current directly over 
the enlarged liver. It is remarkable how promptly softening and re- 
duction in the size of the liver take place with improvement of symp- 
toms. A large sheet metal electrode is applied directly over the hyper- 
trophic liver in the abdomen, and a slow discharging spark-gap from six 
to twelve inches in length, according to the effects upon the patient, is 
employed. The length of spark-gap demanded will vary according 
to the sensitiveness of the liver and the thickness of the fat over the ab- 
dominal muscles. The treatment will not be of permanent avail, obvious- 
ly, in patients who persist in their alcoholic habits. 

In the atrophic stage of cirrhosis the wave current or, perhaps better, 
the direct d’Arsonval current and radiant light and heat will stimulate 
the liver to better efforts, and in some cases markedly diminish the 
ascites. 

Splenic Hypertrophy. — In splenic hypertrophy due to malarial causes 
the wave current applied as in the treatment of cirrhosis is very effective. 
The spleen may be practically reduced in a few weeks to its normal size, 
and the relief of the patient from various symptomatic conditions will 
be remarkable. In one case in which this treatment was employed by 
Dr. Condiet in India, a condition of hemophilia from which the patient 
had long suffered was cured with the reduction of the splenic hyper- 
trophy. This was a remarkable case, in which the woman, in carrying 
out a native custom of cleaning her teeth and gums with charcoal as 
part of the morning ablutions of the natives, produced profuse hemor- 
rhage every day on each occasion, which ceased after the reduction of 
the spleen by the static wave current. 

Diabetes Mellitus. — In diabetes mellitus the writer and his confreres have 
had satisfactory results from the application of the wave current to the pancreas, 
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marked in tl«* eases \vhii*h were not <*mi»i>lieated by hypertension. A melal plate 
olaat rode about four inches square is plaeeil mer ilia epiaust rimu, ami a spark-gap 
usod as long as the patient will taka without too much diseomfurl. The improve- 
ment is often promi»t in those* cases and, while* it is met a .-penile. it is as a rule 
beneiieial and ahsolutalv hannlass atul uuohje*ationahla in all cu-es, and offers 
another means of relieving this grave aonilition. In cases with hypertension, the 
rod not ion of blond pressure* by the* auto eonden-alioij me*thod lias frequently caused 
the glycosuria tei absolutely disappear. Tin* writer has ve*ritU*el reports of so 
many eases of euros by this uietheed that it seems to he imlieateel in every ease of 
diabetes eoniplieated by hypertension. 


Nephritis, - I n parrnchymatoutt und infvrsfUial nephritis the applica- 
tion id’ the static wave current daily over the kidneys is one of the 
most effective means of restoring the functions of these orpins. Bearing 
in mind that the kidneys lie just beneath the muscle" on either side of the 
spinal column, they are very accessible ami readily affected by this method. 
Apply an electrode six by eight inches directly mer both kidneys, bridg- 
ing* the spine. If tin* spinous processes are prominent, an electrode may 
he placed over each side, and the two electrodes connected to each oilier, 
treating both kidneys at the same time. The u-ual rule of employing 
a long, slowly discharging spark-gap is observed in these ease** a spark- 
gap of eight to twelve inches, varying with tin* physical conditions of Iho 
individual. The writer has obtained in several instance** complete dis- 
appearance of granular and hyalin ea-ts and albumin. It is a far morn 
efficacious procedure than the removal of the capsule, and the promptness 
with which relief takes place in tin* stages favorable to treatment by any 
measure is remarkable. 

In parcnchifUHiioiti'i nrphriUs the employment of the static wave cur- 
rent and body light baths daily will obtain remarkable results, and in 
many cases effect a cure, particularly in young adults. 

When interstitial nephritis is complicated, as if usually is by hyper- 
tension or a failing compensation in the later stages, great benefit is de- 
rived from the employment of dbVrsonvali/.ation. These methods have 
been tried and not found wanting. 

Constipation.-- ( ’mist i pat ion arising from numerous causes, function- 
al, spasmodic, and obstructive, must he trim ted with a view to relieving 
every causative factor hi each case, because in most in-lances one con- 
dition leads in succession to another; and the general symptom-complex in 
each case is one <d’ intestinal atony, colonic impaction, with deficient se- 
cretions, and a vicious habit of irregularity in attending to the demands 
of nature, with the employment of cathartics, and errors of diet. 

The electrical treatment may consist, in applying the static wave cur- 
rent. with a large metal abdominal plate electrode over the abdomen with 
as long a spark-gap, slowly discharging, as the patient will take without 
inducing muscular cramp or pain, the application to be continued for 
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twenty minutes. Another method is to place a metal electrode in the 
rectum, and an abdominal plate over the abdomen, co nn ecti ng one side 
to one pole of the static induced current, and the other electrode to the 
other pole. The current should be administered for twenty minutes with 
a slowly discharging spark-gap, which will produce positive deep muscular 
contractions during the administration. 

Another method which employs the sinusoidal curre.nl is to place a 
metal electrode in the rectum, and apply over the abdomen the electrode 
with the multiplex sinusoidal current, q. v. This should be continued for 
fifteen or twenty minutes, thoroughly exercising and arousing the muscles 
over the whole abdomen by moving the electrode about in the hands of the 
operator. These methods are effective in arousing atonic and relaxed 
conditions of the viscera and of the abdominal wall, and at the same time 
restore the functions of secretion. 

In addition, the systematic regulation of diet and exercise, with the 
institution of habits of regularity in going to stool, is effective in variable 
combinations as indicated; in most eases not only restoring the tonic 
conditions of the alimentary tract, but also establishing normal function. 

In obstructed cases it may be necessary to treat a retroverted uterus 
or enlarged prostate or a spasm of the sigmoid or anus, q. v., in order 
to still farther facilitate the cure of the condition. 

CaEDIOVAS GULAK. DISEASES 

There is no field in electrotherapeutics where greater success attends 
the effort than in the treatment of cardiovascular diseases, when the etio- 
logical factors are recognized and corrected — namely, the correction of 
habits of diet, with the regulation of the food intake and the physical 
exercise of the patient. When these patients are put upon first a non- 
stimulating diet excluding all animal proteids, including eggs, together 
with the correction of other alimentary irregularities, the control of the 
condition of hypertension by d’Arsonvalization is effective in all cases 
except those of advanced arteriosclerosis, in which the arteries have be- 
come generally sclerosed. 

The sphygmomanometer in the hands of the clinician in conjunction 
with the d’Arsonval method of treatment has demonstrated the positive 
effect of this current properly administered in lowering and controlling 
arterial hypertension. The methods of d’Arsonvalization employed in 
these cases are either the autocondensation or autoconduction method. 
Autocondensation is administered upon a suitable couch or table. A 
cushion approximately three inches in thickness, six feet long, and twenty 
inches wide, made of sheets of felt, sill; waste, or other non-conducting 
material, covered with a non-conducting material, as pantasote, corduroy, 
or other cotton, silk, or woolen fabric, is placed upon the chair. The 
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shoot of metal, about four inches Hairier and four inches narrower tlmn 
tlu* cushion, may he secured to the chair seat or placed Inoscly beneath the 
cushion. d'lie d'Arsonval current is admini-lered with one terminal of 
tlu* d'Ar-oiival solenoid attached to the metal beneath tlu* cushion, and 
the other hv a bifurcated cord to two tut lal handles, or a single cord to 
one longer handle. The hot wire meter should indicate lot) to (»()() inilli- 
aniperos, according to the capacity or size of the individual, and should 
be continued approximately for Id minutes at each treatment. This, in 
the writer's experience, constitutes a dosage which uniformly lowers 



blood pressure front ten to forty millimeters of mercury; usually ten to 
twenty millimeters at each fitting, the pressure in the interval increasing 
a few millimeters, hut falling day by day, either on daily or alternate 
day treatments, to a sulMant iaily lowered tension — in early cases to nor- 
mal. The lowered ten-ion may he maintained in most cases cither l»y 
regulation of diet and oxerei-o, or in addition may require an added occa- 
sional treatment once weekly or once in two weeks, and in some cases 
with longer intervals between treatments. 

Jn cases with low and failing blood pressure with edema, where com- 
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pensation is failing, there is no contraindication for autocondensation 
treatment; but, on the contrary, everything that can be done to relax 
tense arterioles under these conditions favors the condition of the heart 
by diminishing its labors, with resulting marked improvement in the con- 
dition of the patient. It must be understood that d’Arsonvalization in 
no way depresses the heart, but diminishes its labor. 

In angina 'pectoris for the same reason lessened tension relieves the 
labor of the heart, with prompt relief from pain and dyspnea. In con- 



Fig. 13. — The Autoconductton Method. 


ditions of valvular incompetence with hypertension the relief is positive 
from the outset. The following case well illustrates the effects : 

j\!r. A., a patient 45 years of age, had been confined to his bed for 
months with pulmonary edema, having had three pulmonary hemorrhages, 
and a constant cough. This patient was suffering from mitral insuffi- 
ciency with hypertension. When he reached the office his blood pressure 
was 212 mm. His pressure within a week, with alternate day 12-minute 
antocondensation treatments, employing 500 milliamperes of current, had 
fallen to 155 mm., the dyspnea and cough had disappeared, and under 
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corrected diet mid regulated exercise, with alternate day treatments with 
autocondensatiou, the put i<*nt. made* a complete recovery. His pressure* is 
now maintained at 140 nun. or loss, with ail autocondensatiou treatment 
oiu*o in two weeks without the administration of any drug, hut strict 
attention to diet, avoiding all animal food, including lisli and eggs, and 
any excess in quantity of food ennsumed. 

The autoconductiim method is effective in the treatment of these 
eases. The writer, however, has used the more' convenient and fully 
as eifeetive method of uutoeondeiisation. 

Properly conslrueted rc*sonators connected with HuhmkorfT coils, sta- 
tic machines, or either high potential transformers, are always ell’cctivo 
in producing the requisite eurrent for the treat nient of these ( j ases. Like- 
wise, the alternating current transformers referred to in previous cases 
arc proving efficient in the treatment of hypertension and arteriosclerosis. 


Spinal Conn Dinkaskh 

In the early stages of most a (feel ions of the spinal cord electrical 
treatment, iu combination with oilier indicated medication or habit of 
exercise, meets with a large measure of success. The general principle 
of treating cord affections must depend upon three principles: (1) llio 
removal of local infiltration or congestion of the meninges, which arc 
causing pressure upou the curd ; (.2) the restoration of normal metabolism 
iu the substance of the cord; and, (JJ) when* a syphilitic condition is 
positively demonstrated, the employment of an indicated mercurial or other 
treatment iu connection with the electrical treatment. 

Electrical application to cord condition h consists in the administra- 
tion of the static wave current directly over tlu* lesion of the cord. It 
must he fully appreciated that, in order to affect the meninges and struc- 
ture of the cord, a very long spark-gap with the wave current is impera- 
tive. We therefore apply an electrode not more than 1 \\ inches in 
width, and, in eases involving the whole length of the coni, from lb to 
22 inches in length, according to the patient. Whenever a spark-gap of 
this length is used, even in young people, it cannot he expected to ac- 
complish positive effects upon the cord without the employment of a very 
long spark-gap — at least ten to fourteen inches in length, which requires 
a Holtz machine of large efficiency. In eases in which a marked effect is 
demanded even ibis long spark-gap should he applied with a shorter 
electrode first over one half and then over the other half of the cord. 

The modus operandi of the wave current in these eases is that the 
current passes, as in all eases, to surround the body during the period 
of charge, and that, when the current breaks to discharge across the 
spark-gap, it rushes with great velocity, converging to the metal electrode 
from all parts of the surface, out through the spinal cord and bones of 
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the spine, as graphically indicated in Fig. 7. It is physically well 
demonstrated that this effect must follow. The current in discharging 
produces profound effects upon the structures of the cord, effecting drain- 
age from infiltration, and improving the metabolism of the structures, as 
in the treatment of other inflammatory conditions. These effects are 
fully verified in the therapeutic results obtained in the treatment of 
spinal cord affections, and justify their thorough trial, at least by even 
those who may be skeptical, and their adoption by all. The writer’s ex- 
perience includes the treatment in this way of the following conditions 
in which positively beneficial results and many cures have resulted, as 
will be indicated when considering each of the conditions: 

Tabes Dorsalis. — Tabes dorsalis, when of non-specific origin, will in 
most cases respond to be arrested ; and also when complicated by syphilis, 
if the treatment is employed in connection with specific treatment. 
The long spinal electrode is applied as described, and the treatment ad- 
ministered for twenty minutes, at first daily, and later on alternate days. 
This is immediately followed at each treatment by the application of 
static sparks and friction sparks thoroughly as follows: The application 
of friction sparks, employing the pear-shaped ball electrode rubbed over 
the clothing over the anesthetic areas which are marked in nearly all 
cases on the legs, below the knees. Apply the friction sparks to these 
regions with rapid movements. The patient may at first barely feel 
the sparks; but, as it is continued after a time, will complain that it is 
too hot, indicating the awakening of the sensor ium. The patient re- 
marks the increasing sensation in the limbs; for, to a considerable de- 
gree, the treatment does restore the sensation of the parts. In the same 
manner the friction sparks over the stockings, if thick and not damp, or 
through a thickness of flannel, should be applied over the soles of the 
patient’s feet, the increased sensation here improving the locomotion of 
the patient for obvious reasons. 

Wherever ‘pains are annoying the patient the sharp application of 
hundreds of short sparks to the area will practically arrest the pain. 
This application to the painful regions of hundreds of small sparks is 
most grateful to the patient, and of emphatic therapeutic value for that 
purpose. The application of long sparks, employing the spark director 
in the intervertebral spaces up and down the spine, adds another valuable 
feature to the treatment of these cases. The results from the static 
treatment of locomotor ataxia are satisfactory in nearly all cases. 

Pachymeningitis. — Pachymeningitis in the early stages is relieved, 
and with surprising promptness, by the application of the static wave 
current over the spine. 

Traumatic Myelitis. — Traumatic myelitis or contusions resulting from 
accidents, with more or less involvement of the joints surrounding the 
cord, are practically relieved in all cases in which fracture of the bones 
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or laceration of lli<* cord has nol orcnrred. 1 1 wji" in thi- class of eases, 
wlion treating a very heavy patient who had be.-n injur'd m a railroad 
accident, tlial tin* writer was aide to enniirm without ijne-tmn the cllVels 
of the wave current in rt li**\ in.u deep-sealed rum>rsth»n <*f the cord and 
meninges. The cum 4 , which had made no improvement for two weeks* 
under rest, was promptly relieved and cureil in a few week'; after the 
institution of this method of treatment. 

Poliomyelitis.- There is prohahh no one afFeetimi in uhieh the effects 
of the waive current applied to the spine are more promising than in tho 
treatment of poliomyelitis. The notion that the-e east’s «hmild not bo 
treated with electricity until after several week" is fallacious as concerns 
the static current. Kven in tin* finer Mage, when tho-e young patients 
can be brought to the static machine, and the current applied to the spine, 
the improvement is prompt from the tir-t treatment ; and the improve- 
ment is progressive; and, m the writer's experience, in nearly all easts 
wlio arc* brought under treatment in the first ilavs or week following (lie 
paralysis a complete recovery is made. 

It has been demonstrated to the writer, in every can* that has come 
under observation where the treatment has been delayed even for weeks, 
that the improvement following the in-littitiou of treatment is immediate. 
In observations made on the treatment of many miss of this nlllietion 
the writer 1ms semi uniformly good re-nits and marked improvement, ex- 
cept in eases that have been neglected for more than siv months; and in 
some of these the improvement has been very considerable. 

Another method used m conjunction before or following the spinal treatment, 
when improvement is delayed, is the exercise treatment, winch the writer has 
leeently discovered to he a very valuable aid in bunging the atrophied nmseles 
gradually into activity. The method is as follows; ftilber a lorn*, nanow spinal 
electrode is applied over the spine, or a hirer indifferent electrode on the back, 
connected to one side of the machine for the static induced eunent; and small 
metal electrodes are applied and secured in position to some part, usually the 
middle, of every utroj hied muscle. These are each connected b\ .short wires fo a 
common wire, which is attached to the opposite pole of the static induced current. 
The spark-gap is then regulated to the toleration of the patient, and the discharge 
at the spark-gap to a late of about 120 per minute. At iirsl these ti raiment* 
should be for not more than ten minutes, usually iiiciensimf the time up to twenty 
minutes in subsequent ti cat meats, as the muscles beeoiue nmre used to the exercise. 
This method is far more practical than the method of applviug; wet sponges and 
stimulation with the constant and induced current; a treatment with which, in 
most eases, thp spinal cord condition lias been ignored 

Spastic Paraplegia. — Spastic paraplegia is treated in very much llie 
same maimer as the other cord conditions, tin* wave current being ap- 
plied directly over tlie region of the cord, where manifested by the le- 
sion. In late cases the relief of the condition of muscular spasm and 
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contraction, together with the improvement and control of the sphincters, 
usually results from twenty-minute daily or alternate day treatments. 

In early cases complete recovery has occurred in cases which warrant 
the giving of a fairly good prognosis when the treatment can be instituted 
at the outset. When syphilis is indicated by a positive Wassermann 
reaction, antisyphilitic treatment is also indicated. 

Chorea. In chorea the method to he employed is quite different, the 
static wave current or any current which produces noise or s ens ible pulsa- 
tion tending to aggravate the condition. The application of the static 
current is, therefore, made in these cases with the patient lying upon 
the back with a long spinal electrode next to the spine, and the sliding 
rods widely separated so that no sparks will pass. Under these condi- 
tions the static machine should be run at a fairly high rate of speed. The 
application of radiant light baths, the elimination of all animal 
foods from the diet, careful attention to the alimentary canal in all par- 
ticulars, and the removal of all irritating environment from the life of 
the patient, with fresh air and life in the open, efficiently relieve these 
cases when not of too long standing. 

Functional Neuroses. — Prom the writer’s point of view and success in 
the treatment of hysteria, and neurasthenia, and cases of dementia precox and delu- 
sional insanity, he believes that a more careful study of the symptom-complex 
usually associated with these conditions will reveal a physical cause in most cases. 
Prostatitis, dysmenorrhea, ovaritis, constipation, and autointoxication, when treated 
with the methods given in these pages, have been effective in curing so many of 
these sufferers in the early stages that it seems incredible that any branch of the 
medical profession should deny the physical cause of derangement. 

It seems that the proper management of these eases looks to the conjoint 
employment of autosuggestion for its psychie influences upon the patient and the 
correction of physical defects as well. The writer lias become convinced from his 
observation and experience that the cure of physical defects is essential in all 
cases. The differentiation of variations in the symptom-complex as presented in 
the clinical pictures of neurasthenia and hysteria is sometimes difficult. G-owers 
expressed the same differential view in an early edition of his work, when he said 
that it was largely a matter of sex. Freud has shown clearly the relations of 
sexual influences as affecting or causing psychopathic states, but has not associated 
them as we are bound to with pelvic derangements. The cure of many patients 
not relieved by suggestion or drugs, but responding to treatment of pelvic condi- 
tions, has demonstrated, at least, that functional neuroses often originate from 
physical causes. 

More than 25 per cent, of 180 cases of prostatitis that the writer has 
treated have been, neurasthenics; and, with the exception of two of these 
cases, the nervous symptoms have disappeared during the treatment. 
With hysteria the results have been very much the same. Eew early cases 
of hysteria in young women, complicated by dysmenorrhea, are not en- 
tirely cured with the relief of the local condition. 
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RADIANT LKI1IT AND HEAT THERAPY 
AYit.i.ivm Lion ham Hxow 

Tilt 1 therapeutics of radiant light must include 1 lit' etleets of radiant 
heat, because radiant energy emanating from any source of the higher and 
lowin' frequencies is transformed into heat when it eomes in contact with 
any body or objects which absorb it In other wtmk Us radiant energy 
impinges upon the human bnd\, penetrating the tissues, a transformation 
takes plaee of radiant energy into heat units so tar into the tissues or 
substance* as the radiations penetrate. 

We commonly consider the solar spectrum as composed of the visible 
spectrum, which is light, and the higher frequencies (he u!fru-\ inlet — 
and the lower frequencies— -the infra-red. Properly, then, only those 
frequencies are light which, when impinging upon the retina, produce 
tin* sensation of sight 

Tn a treatise on the therapeutics of radiant energy, howc\ei\ it is nec- 
essary to investigate all the frequencies of the spectrum, \isible and in- 
visible, and to consider their elTeets. It is the writer's purpose, there- 
fore, to speak of the subject broadly as indiant lieht and heat, the heat 
not being limited in its source to the infra-red or heat rays, hut being 
produced also by the luminous rajs of Ihe spectrum, and, to a minute 
degree, by the ultra-violet as well All of till' frequencies, therefore, pro- 
duce heat m varying degrees by transformation of radiant, energy into 
heat units. 

PHYSICAL PROPERTIES OF RADIANT ENERGY 

Light is a manifestation of energy transmitted through space and 
capable of producing elTeets upon the retina of the eye by which other 
objects are rendered visible. 

Frequencies.— The various frequencies of light and the invisible fre- 
quencies of die ultra-violet and infra-red an* to he considered relatively, 
according to their various wave lengths and frequencies. The range of 
the visible spectrum extends between rates of vibration approximating 
432 
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450,000,000,000 per second for the red, and 750,000,000,000 for the 
violet. The ultra-violet represents frequencies which extend into billions 
of billions, while the infra-red extend far below the frequencies of the 
visible spectrum. The physical properties of these radiations, as affecting 
the retina and chemical substances, as nitrate of silver, vary with the 
frequency and the wave length. The end of the spectrum to which the 
silver salts are most susceptible is the ultra-violet. The orange, red, and 
infra-red do not affect appreciably the silver salts. For this reason the 
higher frequencies have been designated the chemical rays, which is true, 
but in a sense misleading ; because the other frequencies produce chemical 
effects also, as the effects associated with heat production; or, as Oliver 
Lodge has said, “some affect other substances.” 

Penetration. — With these various frequencies the penetration is as the 
wave length, and the heat production inversely as the frequency. In 
other words, the thermic effects of the higher frequencies are practically 
nil, while the thermic effects of the infra-red and lower frequencies are 
very marked. 

The penetration of radiant energy from luminous sources varies in 
depth with the character of the substance and the wave length of the 
various frequencies. It penetrates, according to Kellogg, at least six 
inches within the human body. It is readily demonstrated that the 
luminous rays, particularly the red rays, penetrate through bone and 
other tissues of density by the illumination of the antrum by placing a 
small lighted incandescent lamp in the mouth, or by illuminating the 
frontal sinuses by shielding the light held in the inner angle of the oppo- 
site eye. 

Finsen demonstrated that ultra-violet rays did not penetrate to any 
extent a vascularized tissue, acting only superficially. His experiment 
consisted in exposing one surface of his wife’s ear, against the opposite 
surface of which was placed a sensitized film, to a powerful ultra-violet 
radiation, when the film was not fogged. This demonstrated the impene- 
trability of that very translucent, almost transparent, tissue. After bring- 
ing sufficient pressure to bear upon the ear to devascularize it, however, 
the ultra-violet rays passed readily through and fogged another film. By 
this experiment Finsen demonstrated the necessity of rendering the tissues 
anemic by pressure or the local administration of adrenalin in connection 
with the treatment of lupus. This experiment proved, furthermore, the 
inadequacy of the ultra-violet rays in therapeutics except under the condi- 
tions employed by Finsen, or when it was desirable to effect a superficial 
hyperemia. 

‘Refraction. — When a beam of light passes through media of varying 
densities it is bent out of its direction, both at the entrance to the denser 
and the exit into the rarer media, being bent in the first instance at an 
angle from the perpendicular and in the latter toward the perpendicular 
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surface, the angle of incidence being always equal to the angle of reflection. 
Reflected radiations from concave surfaces of mirrors or polished metal, 
when projected against such parabola, may be reflected to a focus. The 
position of the focal point will depend upon the distance of the light from 
the reflecting surface and the concavity of the parabola; i. e., the arc of 
the circle of which the parabola is a segment (Fig. 3). The focal point 
may be changed res 2 Dectively by moving the luminous object farther from 
or nearer to the reflecting surface, thereby rendering the radiations more 
or less convergent, parallel, or divergent. This is made use of by vary- 
ing the focus of the marine searchlight and in other arc lights used for 
therapeutic purposes. 

It should be borne in mind in the employment of therapeutic lamps 
that, if the focal point crosses between the parabola and the object 
illuminated, the light when projected upon a screen will appear as a 
ring of light surrounding a dark spot, as indicated in Fig. 4. Within this 



Fig. 4 — Indicating Crossing of Convergent Rays and Dark Spot Beyond, Within Which 
Shimmer Appears. 

circle of light a violet color will appear, which has misled many observers 
who were not informed to believe that it was the violet radiations within 
which were the ultra-violet, whereas it is but a reflected shimmer and 
not of value for therapeutic use. No one should he led unsuspectingly 
to believe that this phenomenon is an ultra-violet radiation. 

In order to investigate the practical value of an apparatus, inquiry 
should be made with reference to where the focal point will fall, with 
the understanding that immediately beyond the focal point the rays are 
dispersed in such a manner as to be of little value for therapeutic pur- 
poses. The form of the parabola relative to the position of the light, there- 
fore, requires particular attention. The small lamps will be shown to be 
of not nearly so great efficiency as the lamps having a reflecting surface 
measured by an arc of a longer radius. With the incandescent light 
provided with a parabolic reflector the place of greatest intensity is nat- 
urally at the focal point. If this focal point is far out from the rim of the 
lamp, the therapeutic value of the lamp is greater, because the radiations 
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within tlit‘ focal point are of greater practical value and utility than 
when it is nearer the rim of the reflecting lamp. 

Polarization.-- Polarization is of no importance as concerns the thera- 
peutic employment of light. 

Fluorescence, — Fluorescence is induced in certain substances from the 
projection of radiant energy against the surfaces, some of which are 
capable of absorbing and again transmitting the energy after the exposure 
is discontinued. Sulphid of calcium continues to fluoresce for hours 
after prolonged exposures to light ; and it. is possible that some of the 
therapeutic properties of sulphid of calcium may be due to this quality of 
fluorescence. It is worthy of experimentation to invest igalo whether long 
exposures of sulphid of calcium to light before administration do or 
do not add to its therapeutic value. Otherwise, as circulating in the 
blood it is more or less exposed to light in the exposed parts of tile body, 
which, on account of its fluorescent qualities', may explain its cITects as 
claimed upon streptococcic and staphylococcic, infections. 

Color. — Oolor is the expression us conveyed to the retina by the differ- 
ent degrees of refrangibility of the visible spectral rays. Tlw* term light 
has been employed by some writers to all of tin* radiations of the spectrum 
as well as to the X-ray. This is properly a misnomer, as only the visible 
frequencies constitute* what is recognized as light. 

The physical properties enumerated include the actions or (‘fleets of 
radiant energy when projected upon substances other than the human 
organism. 

Effect on Germ Life, — Another properly of radiant energy is its ef- 
fect upon germ life as present in the* atmosphere and running water. 
It. is very remarkable how promptly these microorganisms an* destroyed 
by the influence of radiant energy; which is probably due largely to the 
action of the. ultra-violet rays, which penetrate both air and water. It 
has been demonstrated that water, taken from sewage sources, loaded with 
bacteria, is made practically free of these living organisms by the passage 
of sunlight through them. This, however, must Ik* done with the surfaces 
exposed, as the ultra-violet rays do not pass through glass. This (hut mu- 
st rates that it is the ultra-violet rays that destroy germ life. 

It is remarkable, furthermore, that in tin* vicinity of large towns and 
cities, where the air is full of organic matter, the percentage of ultra- 
violet radiations that reach the earth is remarkably small, their energies 
having been exhausted upon the organic matter in the atmosphere. It 
is the property of these higher frequencies hv which they effect tlu* destruc- 
tion of germs that renders the air of tlu* country so healthful and free 
from genu life, and also that destroys tin* germs in running water exposed 
to sunlight. 

The ultra-violet rays are, therefore, one of the most useful energies of 
Hature, and it is not surprising* that many therapeutists have looked to 
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tliese higher frequencies for other great therapeutic benefits. When ap- 
plied to the human organism, however, they do not act to produce effects 
so beneficial as the action of the penetrating frequencies, which actively 
increase metabolism and produce other effects which are valuable. 

For some time observers have recognized injurious effects of the higher 
frequencies upon the eyes, which are not so marked in the cities as in 
the clear air of the country and at sea. Glasses, because they absorb these 
rays, protect the eyes from these effects. 

Tanning of the Skin. — There are certain other physical effects of ra- 
diant light and heat which are properly peculiar to animal organisms. 
As the chemical actions of light facilitate the induction of oxidation of 
organic substances in the air and water, so wo would anticipate that they 
would have like antiseptic effects when applied to the body. On the con- 
trary, as has been previously shown, the higher frequencies do not pene- 
trate except to the outer layer of the true skin, where they act as irritants, 
producing profound superficial hyperemia, which results in desquamation 
and tanning. 

Tanning of the skin is an effect almost, if not entirely, due to the ultra- 
violet rays, a pigmentation taking place beneath the epidermis. This is 
undoubtedly a beneficent process, producing, as it does, a protection to the 
underlying structures when exposed to the penetrating luminous rays of 
the sun. 

It is not improbable that races that have lived for generations within 
the tropics have become dark skinned through the influence of discolora- 
tion produced in this manner, succeeding generations becoming darker and 
darker in the process of time. That the dark-skinned races suffer less 
from the exposure to the sun’s rays is a well-known fact. Wilkinson has 
frequently called attention to the unfavorable conditions of tho tropics 
for the white man. It has now become a custom for educated white men 
who understand the principle, when living in the tropics, to wear colored 
underclothes for protection of the body, except the hands and face, from 
the influence of the sun’s rays. 

The tanning of the skin by the ultra-violet rays is the very action which 
contraindicates its employment in therapeutics; for, when we wish to 
make frequent and long applications of radiant light and heat for its 
effects upon metabolism, the tan of the surface prevents the penetration 
of the radiations within the organism. For the same reason, radiant 
energy is far less effective when employed in the treatment of dark-skinned 
individuals — brunettes deriving apparently little benefit from its em- 
ployment, except from the effect of increasing perspiration. 

Dark-skinned races, and other individuals having dark skins, perspire 
very profusely under prolonged exposures to the sun’s rays, the penetra- 
tion producing a cooling influence in dry climates, due to the latent heat 
of evaporation. It is owing to this that the endurance of the dark-skinned 
30 A 
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ratios in the tropics i* so great, the laxly being kept en<»l by evaporation of 
the perspiration. 

Production of Hyperemia. — Hyp* remitt is produced by the various 
frequencies as follows: (1) The irritating otVeets of the ultra-violet ra- 
diation upon the outer layer of the eoriuni uiul e])itlielimu induee a very 
intense superficial hyperemia. Otherwise the action of radiant light in 
inducing hyperemia is due to the heating of the tissues by the combined 
influence of the luminous and invisible heat rays. Whenever the tempera- 
ture is lowered or raised in a part, the. vasomotor mechanism responds to 
send an increased supply of blood to the expose* l tissues to maintain 
equilibrium of temperature. Taking advantage of this principle, the 
employment of prolonged applications of radiant energy, which penetrates 
for many inches into the tissues, not only heats the surface but all tissues 
into which it penetrates. It is (his principle of physiological action upon 
the physical mechanism of the human organism that, renders it possibles 
to produce hyperemia in the tissues with radiant energy; and to a far 
greater depth than by the method of convective heat, as by applications 
to the surface of hot water bottles, poultices, or other means, Gilman 
Thompson demonstrated the limited effect of eonveetive heal as applied 
hv this method; and the author lirst eallid attention to the comparative 
effect of radiant light and heat upon the* tissues in a previous work (2). 

SOURCES OF RADIANT ENERGY 

Natural Sources. — The sun is the great natural source of radiant light 
and heat and calls for practical consideration here. Other natural sources' 
of light art' tlu* radiations from radium, uranium, and other radioactive 
bodies. In the treatment of this subject, however, the sun only will l>e 
considered. 

As previously stated, there is objection to continued exposure to tlio 
sun’s rays if the body is to receive special stimulation from 1 lie* radiations 
for considerable time, exet pt when passed through glass, as in solaria, 
when the ultra-violet rays are tittered out. 

The action of the sun's rays upon air and wafer is prophylactic, ren- 
dering natural environment more healthful. A room where tin* sun’s rays 
enter direct is far more healthful than a room which is lighted hv re- 
flected rays; ventilation not alone supplanting the beneficial effects of 
radiant light. The light, however, as previously stated, should he allowed 
to pass in for a time through the open window, and not only through the 
glass window panes. 

The sun’s radiations may lie utilized for therapeutic, purposes in 
places where it is impossible to obtain the* electrical current ; when, by 
passing the sun's rays through condensing liaises, it will be possible to in- 
crease the Intensities for local treatments. 
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The solarium sun bath, or the bath before the closed window where 
Lhe sun enters, allowing the sun to shine upon the nude body, is of great 
value in the treatment of anemic and atonic conditions, and can be ar- 
ranged for in many homes by reflecting mirrors and otherwise, so that 
patients who are bedridden may receive the benefits of the stimulating 
influences of radiant energy under conditions in which artificial light 
cannot be provided. 

At sea bathing resorts , where patients are exposed to the sun’s rays, 
a large measure of benefit may be derived from the sun’s rays as well 
as from the relaxation and the bathing. If persisted in too frequently and 
for too long exposures it becomes distinctly an over-stimulating measure. 
At some sanatoria provisions are made by which patients, male and female 
in separate enclosures, disrobe for several hours daily for exercise in the 
sun’s rays, deriving undoubted benefit from such exercise in the open. 
Dr. Richard A. Nunn once said that, “When Patagonia was discovered 
the natives were largely unclothed and were a comparatively healthy 
race; but when civilization instituted clothing and houses in which to 
live, they died in large numbers of tuberculosis.” The fact that human 
beings are so clothed as to shut out the light from the body undoubtedly 
accounts for the marked improvement that so many patients derive from 
the systematic applications of radiant energy, as by the light baths and 
the high candle-power lamps as employed at the present time. 

Artificial Sources. — The artificial sources of radiant energy are the 
electric arc, Cooper Hewitt lamp, and the incandescent and tungsten 
lamps. 

Tub Elec Till g Ano. — The electric arc has been more or less employed 
since the first introduction of radiant light and heat in therapeutics. The 
radiations from this form of lamp are much richer in ultra-violet than 
the sunlight, particularly so when electrodes having iron cores are used 
in connection with the lamps. The benefits are those which may be shown 
to be derived from the presence of the combined frequencies, including 
the higher frequencies of the spectrum. 

The disadvantages of the arc light are due: (1) To the objectionable 
effects of the higher frequencies previously mentioned; (2) to the fact 
that the light must be administered generally to the patient in the upright 
posture, or lying upon the side, because the flying particles of carbon 
will fall upon the patient if lying beneath the lamp; (3) to a negligible 
quantity, which may be considered however; the greater cost for cur- 
rent than for the requisite intensity of radiation from the incandescent 
or tungsten lights; (4) to the fact that when the arc light is administered 
to a patient in a closed bath it is impossible for some patients, and all 
patients under extreme conditions, to inhale and withstand the fumes from 
the gases thrown off from the arc lamps, composed, as they are, largely 
of nitrous acid and ozone, which are produced in large quantities by the 
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electric are; (5) to flu* deleterious effects of prole exposures of radiant 
light, from tlu* sire light, except when u glass screen intervenes, dm* to the 
tanning of tlu* skin, which finally interferes with tin* subsequent beneficial 
(‘flouts in cas(*s in whi(*h it is desirable to emitinue for a eonsid'Table 
time the administration of radiant light and heal for increasing the con- 
ditions of nutrition and metabolism of the deeper tissues. These objections 
art* only relative and can he, in a large measure, olniatcd by the use* of 
colorless glass screens, and otherwise hi* made of practical utility. There 
are, however, methods more convenient and more practical. 

Thk I ncan okscknt Liuinv-Thc incandescent light as a source of 
radiant energy lias come into very general use, and is destined in the 
future to fill a very important place in therapeutics. This form of lamp 
combines with the radiant light a very large percentage of radiant heat. 
The combined radiations are particularly valuable in inducing deep 
hyperemia, and in other ways improving the processes nf metabolism. 
High candle-power lamps of this sort are always very convenient for 
applying the radiations. The lamps of larger sizes are suspended by a 
counterweight, and applied from directly over the patient while lying 
upon an operating table. The high candle-power lamps, applied with the 
patient lying down, can be brought nearer tlu* body than tin* are lamps 
and moved about, thereby employing a degree of intensity of heat that 
could not. he borne when the light is fixed in one position. This enables 
the operator to administer tlu* radiations with greater efficiency by em- 
ploying a degree of energy that could not bo home if held in one position, 
shortening tile time for administration,, and, in addition, producing marked 
deep reflex effects upon the remote spinal centers, arousing them to greater 
functional activity. 

Tins Tungsten Lamp, — The tungsten lamps, with which the luminous 
radiations are greatly accentuated by the fluorescence of thorium, which is 
incorporated in the construction of the filaments, produce a light of far 
greater intensity than the incandescent lamp, hut with the same candle 
power have an emphatic deficiency in heat radiations, Tf these lamps 
are constructed, however, so that the heat radiations are all that can he 
tolerated b t v the patient when the lamp is suspended for operation at a 
practical distance, the added luminous effects appear to add a distinct 
advantage. If, however, these lights do not possess the requisite proportion 
of the lower frequencies to produce intense heat, their effects upon metab- 
olism are far less beneficial than those of the incandescent lamps, which 
produce a large amount of heat. These lamps recently came upon the 
market and are now on trial. 

Y a i»ok Lamps.- The murcury vapor lamps of Dooper 
Hewitt, have received some recognition from the profession, hut have 
tin* same objectionable features as the are light, in that they are rieli in 
tlu* higher frequencies. The radiations have also a very low percentage 
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of the lower frequencies, and, consequently, are inadequate in the amount 
of radiant heat projected. It cannot be too generally emphasized in this 
connection that radiant heat undoubtedly plays a most important part in 
the therapeutics of radiant energy, by the induction of hyperemia and 
elimination. 

The Kjromaiek Lamp. — The Xromaier lamp is constructed in one par- 
ticular as the Finsen and London Hospital lamps, i. e., they are provided 
with windows of rock crystal for transmitting the ultra-violet radiations. 
These lamps do not possess any special merit in therapeutics except for 
the treatment of certain local skin diseases where the irritating ultra-violet 
radiations may he indicated when they are generally effective. They are 
probably not superior in this respect to lamps made with iron electrodes 
or those of other composition for operation with the high potential cur- 
rent from high frequency apparatus. These lamps project radiations 
very rich in ultra-violet, and are provided with a window of rock-crystal. 


APPARATUS 

Various types of artificial lamps have been, from time to time, upon 
the market, keeping pace with and indicating the views and demands of 
the time and the stage of development of the therapeutics of radiant en- 
ergy, respectively ; some types being produced to meet advancing demands, 
and others becoming obsolete as methods change. 

The Finsen Lamp. — The Finsen lamp, which at first employed the sun- 
light and later an arc lamp of intense candle power, which was energized 
in front of several tubes provided with rock crystal windows at the ex- 
treme end opposite the light, was arranged to treat four patients at one 
time, and was so employed in the Finsen laboratories and hospitals and 
institutions elsewhere. These lamps were very much in vogue at one time 
for the treatment of lupus vulgaris and lupus erythematosus. Other means 
have since given so much more prompt and equally as good if not better 
results that the methods and apparatus of Finsen are rapidly falling into 
disuse. Reference, however, is made to these lamps, because so much has 
previously been said of them in connection with the general topic of photo- 
therapy, and because historically they led to the better recognition of light 
as a therapeutic measure. That they will be hereafter installed with thera- 
peutic outfits is doubtful, because these lamps are now practically obsolete. 
The same is true of the London Hospital lamps and the types fcf the French 
investigators, Lortet and Genoud. 

Marine Searchlight and Its Successors. — Before arc lamps of special 
construction for body administrations of radiant light were manufactured 
the modern marine searchlight was adapted by Cleaves to therapeutics. 
These high candle power arc lamps have been followed by the manufac- 



442 RADI A XT AND IIKAT TII KUAPY 

tun* of smaller lumps which :uv u-uully efficient, and consume far loss 
current than lla* murine -i ureliliuht. I>y placing these smaller arc 
lamps nearer the patient they an* quilt* as cllieicut as the marine search- 
light of limber candle power, producing as great heat as eau he tolerated 
over a considerable .surface. This type of lamp as previously slated, how- 
ever, is not of <iicli practical value as tlu* high candle power incandescent 
lamps which permit of the administration of radiant energy to tin* patient 
reclining, and which may he readily moved about. 

High Candle Power Incandescent Lights The electric incandescent 
lamps of high and moderate candle power are destined to occupy a very 
important place in therapeutics. This type of lamp is now made 
hy numerous manufacturers, and tin re is comparatively little difference 
in the features of ihe lamps as to their therapeutic value. 

The writer prefers the larger lamps which tin* so provided with re- 
flectors as to project beams of varying intensity, thereby permitting locali- 
zation of the more intense beauts upon the spots or ureas where there is 
greater demand For local effects, as over painful or inllamed Ijs^iies. With 
lamps which throw a dilfused light it is not possible to localize effects in 
this manner, (her small areas, where local infection is present, a 50 
candle power lamp provided with a handle and coni, aud uKuchmcnt. for 
any lamp socket, is quite as effective as the larger lamps, and il is always 
possible wilh these to localize tin* etfi ets over the seat of pain and infec- 
tion. A lamp of this type has been matin faettmd, which is provided with 
a stand supporting the lamp and a motor and a combination which gives the 
lamp a swinging motion. This lamp, being adjustable. is practical. When 
placed in position and adjusted, it doe* not require an attendant to make 
the prolonged applications so often necessary, as when treating otitis 
media. 

Various types of eonstruetion of lamps of high caudle power are now 
on the market. The lung-tm lump is one id* the tnisl practical lumps so 
far produced, the caudle powi r being approximately 500. and when ap- 
plied v» ry close to the Inulv seems to he rich enough in thermic rays to 
produce both superficial aud deep hyperemia. When il is possible to com- 
bine these qualities, the additional \»»lunie of luminous rays serins to ho 
a distinct advantage*. If, however, the increased luminosity should prove 
to he at the* saerifice of the tliirmic rays, the luminous rays would not 
offset the effects of the heat rays which are incidental to tin* production of 
the di ep hyperemia in the ti—ues. 

The Minin Light.- The Minin light, devisid hy Prof. Minin of St. 
Petersburg, employs a ht-lh rf 50 to loo candle power of natural blue 
glass. The elaim 1 lmt this light produces an anesthetic effect has not been 
substantiated by the writer. 

Colored Screens.- Variously colored screens have been made for use 
with the* different sizes and types of therapi utie lamps, but the writer lias 
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yet to find any special or striking benefit to be derived from these screens 
which filter out some of the spectral rays. 

Goerl Lamps. — In accord with a well recognized fact, that the spark of 
an electric arc, or between oppositely charged capacities, is rich in the 
higher frequencies, has led to the manufacture of various iron electrode 
and other arc lights, which have been used on the principle of the Finsen 
method of treating superficial infections. Some of these lamps are of the 
so-called Goerl type, and are made with two to four small balls so arranged 
that sparks will pass in the circuit before a reflecting surface, projecting a 
light rich in ultra-violet and the higher frequencies, the volume depending 
on the amperage of the current passing. 

Light Bath Cabinets. — Light bath cabinets are an important addition 
to the armamentarium of hospitals, sanatoriums, and offices provided with 
the means of properly caring for patients for whom they are indicated. 
The writer is convinced that for hospital, sanatorium, and office use the 
reclining bath is generally to he preferred to the upright bath, as feeble 
patients when fatigued are liable to attacks of syncope when seated for 
twenty minutes to one half hour in an upright position. 

It has been suggested by Dr. E. 0. Titus that the light bath should 
be ventilated, permitting the air to pass up through and out about the 
patient. While this may be of advantage in some cases, in most instances 
the writer believes that the accumulating heat in the light bath, together 
with the radiant energy applied, effects at least more energetic diaphoresis 
than when ventilated. The emanations being actively excreted from the 
skin during the process, it is practically impossible for any deleterious 
materials to he absorbed by the skin of the patient, whereas in passing up- 
ward with the evaporation they will he inhaled by the patient when venti- 
lated as suggested, if precautions are not taken. 

The incandescent bulbs in the light hath should be so arranged that 
they are over and about the patient if reclining upon a couch in the bath. 
There should be at least 50 or 00 lamps in the ordinary cabinet, and the 
lights should be so placed that they will be at a convenient distance — ap- 
proximately 18 inches — from the patient, or as near as possible without 
bringing the points of the incandescent bulbs too close to the body of an 
obese patient. If the tungsten lamps are employed in the light bath in- 
stead of the ordinary carbon filament lamp, there will be a greater lumi- 
nosity, but the number of lights will necessarily have to he increased to 
nea 2 'ly twice the number, in order to maintain a temperature approximat- 
ing 200° E. in the hath. There is no doubt hut that the luminous effects 
of these lights will add much to the therapeutic value of the radiant light 
bath. 

Mirrors and reflecting surfaces within the light hath are of so little, 
if of any, practical value that they are not to he considered. It is not even 
necessary that the asbestos be painted with an enamel paint to give the sur- 
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face a t>;I< ws v finish, ns if has licon shown t hit t 1 ight is reflected its largely 
from a dull white Mirfaee as from a glazed surt'tiee. In (lie arrangement 
of switches in connection with the n»ws of lights in the hath, it is practical 
to have the hath so wired as to bo able to throw on alternate rows of lights, 
in order that when the light is partly turned off tin* luminosity may ho 
equally distributed to the surface of the patient, 

•Numerous cabinets have* been constructed in which the* arc light Inis 
been employed either alone or in connection with incandescent lamps, 
(huv must he* taken that put units are* not exposed for too long a time in 
these baths, lest the skin become seriously blistered. There is very little, 
if any, advantage* with this type of lamp, i*itlie*r ahum or in combination, 
for reasons previously state el. 

PHYSIOLOGICAL EFFECTS 

With the advance* of knowledge in the employment of physical agents 
in therapeutics, we come nearer to an exact knowledge of the* effects and 
indications which utTord a rational basis for their administration in thera- 
peutics. In light therapy, as else*whei*e\ the- better understanding of ilie 
physical properties of radiant light and heat as applied to the* human 
body 1ms given us much upon which to base a rational understanding of 
the physiological effects. 

As has been previously stated, radiant energy from luminous sources 
penetrates for considerable depths inlo t lie* body, with the production of 
distinctly well-defined physical effects due to the transmission of vibratory 
energy ami secondarily influencing the chemical processes hv their effects 
upon the nutrition and the nervous mechanism of metabolism with increase 
of the functional activities. 

.Radiant energy from the numerous sou retv as it passes through tlm 
parts produces a varying degree of heat in the tissues depending upon the 
intensity and other characteristics of the radiations. The associated lower 
frequencies of tin* infra-red gre especially penetrating and energetic in this 
particular. The luminous and in friend radiations present a marked con- 
trast to the Roentgen ray and the ultra-violet radiations, neither of which 
produce perceptible heat, whereas Ihe former are energetic in heat effects. 
As tilt* tissues become heated by impinging radiant energy, the effect is 
not only local, hut also general, the blood, which becomes heated in passing 
through the heated tissues, conveying tin* warmth throughout the body, pro- 
duces a general glow with perspiration. When such applications are pro- 
longed the secretory and excretory functions of the body are all quickened, 
as is evidenced by the increased activity of the sweat glands. The per- 
spiration evaporates, producing a cooling at the surface, thereby main- 
taining an equilibrium of temperature throughout Ihe organism by the 
cooling < fleet derived from absorption by the latent heat of evaporation. 
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In this manner the administrations of radiant energy produce a complex 
influence upon metabolism by quickening the process of elimination of 
waste products from the organism, and maintaining a uniform body tem- 
perature. 

Effects upon. Metabolism. — The influences upon metabolism cannot be 
attributed alone to the effects of heat; for the luminous rays act also di- 
rectly upon the blood cells present in the circulating blood stream, the effect 
becoming more general as the tissues irradiated become hyperemia under 
prolonged exposure. In this manner, in a short time, the volume of blood 
in the body has been generally all exposed to the oxidizing and sterilizing 
influences of light. 

In the administration of radiant heat, therefore, the effects cannot be 
considered as distinctly local, they being transmitted through the circula- 
tion to all parts of the organism. The quickened activity of circulation 
and the beneficial effects of light upon the blood stream still further 
accelerate the functional activities. It is also shown practically that under 
daily administrations of light in anemic subjects there is a gradual in- 
crease in the hemoglobin, as well as of the percentage of red blood corpus- 
cles. In noted instances the red blood cell count has thus been increased 
fully 1,000,000 in thirty days. 

Local Effects. — The local effects of radiant light and heat from the 
usual sources are derived from the combined actions, luminous and thermic, 
of the radiations, in which they far exceed other means. Except, possibly, 
when, by the employment locally of extremely high temperatures by con- 
vective dry heat, as when an arm is rendered hyper emic by temperatures 
of 400 to 450° F. under proper conditions for the treatment of local septic 
infection in the management of which the latter method is uniformly suc- 
cessful in the hands of those who are familiar with the method of employ- 
ing it. 

The induction of hyperemia ,, as previously stated, is attributable to 
local stimulation, when heat is applied, by inducing an effort of the vaso- 
motor mechanism to maintain an equilibrium of temperature. Hyperemia 
when induced by the applications of heat, radiant or otherwise, produces in 
the tissues so vascularized three distinct effects associated with the in- 
creased flux of blood into the tissues. (1) There is an increased metabo- 
lism associated with the transmitted cardiac impulse, which arouses the 
tissues to greater cellular activity; (2) there is increased nutrition 
present with the increased blood supply; and (3) there is a relative in- 
crease in the number of phagocytes in the tissues with the increased flux 
of blood through them. 

When hyperemia is induced by the administration of cold the chilling 
of the tissues does not favor the active processes of metabolism, and like- 
wise renders the phagocytes inert ; hyperemia does occur, however, in all 
subjects except those in whom the resistance is much below normal. 
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When infection is prevent in the tissues irradmt< tl tin* intense radia- 
tions of light and heat have a depressing iuiluciiee upon the forms of life 
that am walled in within the* infected tissue**, while the circulating hlood 
passes rapidly through tin* tissues relaxed by tla* heat, in its ell'orts to 
maintain the (‘tjuilihrimn of temperature. At the elo**c of a prolonged 
administration of radiant light to an in feet ed ana when the tissues aro 
relaxed, the conditions are favorable for an aeti\e process of phagocytosis, 
the germs having been stunned by prolonged exposure to the irradiations, 
and the hlood being still present, in relatively large quantities. (Minical 
experience in this conmetion justifies the assumption that when radiant 
energy is applied it is particularly favorable for active phagocytosis, and 
coincident tv unfavorable for the propagation end existence of germ life. 

The antiseptic action of the higher fretptencies was shown by Neils 
Finsen when he demonstrated the active effect of the ultra-violet radiations 
in destroying germ life as in the air uml water- when the germs were 
destroyed in the tissues rendered anemic*. It is probable, in addition to 
the effects sought by Neils Finsen --the read ion -which was always sought 
in the treatment of lupus by his method, that the hyperemia induct'd had 
very much to do with the recovery of the patients; because there were, an 
increase' in phagocytes and a clearing out from the tissues of the inert 
germs and the other waste products of metabolism. 

Summary. — it must he conceded that in tin* treatment of local and con- 
stitutional conditions the radiant light and heat radiation administered 
does induce marked cited a. These have been summarized as follows in 
the} author's work on “The Therapeutics of Radiant Light and Heat and 
Convective Heat" ; 

“L The effects vpon metabolism, local and general, are due to (1) tho 
induct ion of increased local activity of elimination and tissue building; 
(2) diffusion of heat throughout the body through the channels of circula- 
tion; (tj) the increased general elimination by the perspiration which is 
induced by the* general diffusion of heat, when exposures are extensive and 
prolonged : (1) increased oxidation, from heating of the* tissues, and the 
local action of radiant light upon the* blood in the* dilated capillaries; and 
(f>) the effects upon tile remote spinal centers due* to peripheral stimula- 
tion of the end neurons hv heat and light radiations. 

‘Tl. The effects upon simple inflammation . unaccompanied by infec- 
tion, are ( 1 ) to induce general tissue relaxation, with relief from pressure 
and pain; (2) to increase local metabolism and elimination, relieving 
tissues from the irritating products of defective metabolism as present in 
conditions associated with myalgias, infectious arthritis, eczema, and simi- 
lar conditions; and (;») in conditions of mild traumatic injury, treated 
promptly after injury, to remove or prevent early stasis and curt* the 
condition. It is, however, ineffective aft< r stasis when induration is once 
fully established. 
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“III. In acute and sub-acute infectious conditions alone , or in con- 
nection with other measures, it inhibits germ processes or increases local 
hyperemia or both. (1) It increases local hyperemia in the region of 
infection with a relative increase of phagocytosis. (2) It inhibits the 
activity of the germs through the intensity of the radiant light and heat 
radiations. (3) It stimulates the elimination of toxic materials, local 
and diffused, by the induction of active perspiration and also increases, 
through other channels, general tissue oxidation. 

“By these means local phagocytosis is stimulated, the germs inhibited 
and devoured, and the toxic materials eliminated. 

“IV. Derivative effects are induced when extensive exposures are 
made, rendering the surface hyperemic by prolonged applications of high 
candle power incandescent lamps over front, back, and sides, or by the arc 
or incandescent light bath and by the coincident profuse perspiration in- 
duced; (1) lessening the quantity of blood in remote congested regions 
and in the larger arteries and veins; (2) lowering arterial tension; and 
(3) coincidently promoting extensive elimination of the locked up effete 
matter resulting from poor metabolism.” 

It will be readily appreciated from the foregoing that the therapeutic 
scope of radiant energy is such as to fill a wide range of therapeutic indi- 
cation. 

Antagonism of Radiant Light and Heat and the Roentgen Ray 

Another effect, not essentially a therapeutic effect, but one in which 
the therapeutic application is indicated in connection with the employment 
of another therapeutic measure, the Roentgen ray, deserves mention in 
this connection. More than seven years ago the writer, while employing 
the Roentgen ray and light experimentally to the same tissues on the same 
day, with a view to the possibility of diminishing what was then deemed 
the deleterious effects of the Roentgen ray, found that when the two were 
administered at the same sitting the effects of the Roentgen ray were 
practically neutralized, and little or no beneficial effects were derived 
from the conjoint application. This suggested the probability that the 
effects of the two forms of radiant energy were diametrically opposed to 
each other. And so it has since been demonstrated both in the author’s 
experience, and the practical experiments of Dr. Edward C. Titus. He 
demonstrated not only on the sterilizing influences of the X-ray upon the 
seeds of plants, but also the counter effects of radiant light and heat upon 
seeds and eggs that had been irradiated. When they were subsequently 
exposed to radiant light and heat it was found that the fertility had been 
restored. This discovery has given this form of energy a very important 
field in radiography and radiotherapy; for in all cases in which a der- 
matitis appears, if taken early, the employment of radiant light and heat 
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with an energy relative to the demand-* induees an increased influx of 
arterial blood throughout the affected tb-suos, and at t lu* stum 4 time, in- 
creases the activity of local tissue metaboli-ui, promptly restoring vitality 
to the parts. This is tlu* effect in all eases when applied before necrosis 
is actually present. This counter action of radiant light and heat has 
removed all misgivings as to the dangers of X-ray applications when 
on ipl uy cm 1 i 1 1 1 el 1 i ge li t ly . 


THE INDICATIONS 

The indications for the use of radiant energy in therapeutics, as may 
he inferred from the foregoing observations, include a fertile field in 
therapeutics. Success from its employment, however, depends upon strict 
observance id’ technique, particularly as to duration and intensity of ad- 
ministration. Tin* methods of employing radiant light and heat must he 
directed to the production of definite phy-deal effects if satisfactory results 
are to bo obtained. It will be tin* writer’s endeavor, therefore, ns far aa 
possible*, to outline* indications and methods of administration. 


THERAPEUTICS OF RADIANT LIGHT AND HEAT 

Tn considering the therapeutics of radiant energy, a classification will 
he followed, which recognizes conditions with relation to onuses and the 
effects sought. 

Inflammation may ho considered of two distinct types -that, arising 
•from infection, and conditions arising from other causes, as mechanical 
or chemical injuries, and defective metabolism. 


Tnpkotuh t s Tvpr m* Ikptamm.vtson 

The infectious typo of inflammation is manifested in two ways, as 
arising directly from a germ process generally localized, and from tox- 
emia, which nmv have its origin in some* remote infection. 

It is difficult to say that radiant energy is not specifically advantageous 
in tilt* treatment of all types of infection. There has not, however, to the 
present time, been sufficient clinical experience* to demonstrate its value in 
all infectious diseases associated with marked constitutional symptoms, 
as in typhoid fewer and pneumonia. There is no contraindication for its 
employment in these* cases, and the possibility of affecting localized germ 
proeesses as present in in feet inns fevers promises much from the same 
point of view as in the treatment of other localized infections. 
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Localized Infections 

In tuberculous , streptococcic , staphylococcic , and gonococcic infections 
the therapeutic employment of radiant light and heat undoubtedly plays 
an important part, particularly so in the streptococcic and staphylococcic 
processes, which are the most common, and, when uncontrolled, of the most 
serious types of infection. 

In the writer’s experience no recent investigation has given greater 
satisfaction than that concerned with the treatment of local and general 
infection. 

The effects of radiant light and heat in the treatment of local infec- 
tion have remarkable possibilities, increasing as it does the activities of the 
normal defences, while at the same time depressing the vitality of the 
germs exposed. The work of Neils Finsen in treating the two types of 
lupus was the first to arouse an interest in photography and its possibilities 
for destroying germ life. 

Finsen’s efforts were directed to the employment of the higher fre- 
quencies of radiant energy, on account of the well-known sterilizing prop- 
erties, particularly of the ultra-violet radiations. In this he succeeded by 
the methods previously described. When, however, he sought to obtain a 
reaction, a thing he always advocated, the increased local tissue hyperemia 
introduced a factor involving another important principle. He gave no 
significance, however, to the fact that such hyperemia increased the num- 
ber of phagocytes at the site of infection, which certainly did contribute 
another factor to the local destruction of the germs. 

From clinical results it seems to be fully demonstrated that the multi* 
plication of phagocytes in the tissues plays an important part in the re- 
moval of the local infection, and otherwise favors the restoration of the 
diseased tissue by increasing local nutrition and metabolism. For the 
part played by hyperemia in the treatment of infection, as previously 
stated, is threefold. (1) It increases the nutrition in the tissue; (2) it 
increases the metabolism with increase of tissue oxidation; and (3) it 
increases in numbers the presence of phagocytes under conditions favor- 
able to a positive chemotaxis. 

The writer has demonstrated, clinically, the principles of hyperemia and has 
constantly verified its practicability in the treatment of particular types of local 
infection. 

The method described by various writers as “Bier’s method” has 
for its intent the empiric induction of hyperemia ; whereas, if the method 
has succeeded, it has been due to increased presence and activity of the 
phagocytes under conditions of hyperemia. That this is what does 
take place is well demonstrated in the results obtained with the method 
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of employing dry hot air in i lit* imitnifiit «>f local infection. Uniform 
success is obtained when temperatures of to lot)’ H. are employed 

with the parts carefully wrapped in Turkish toweling, eontiiiue*d for ;J0 
to 40 minutes once or twice daily. I la* local temperature, when this 
method is employed, is ue\er sufficient to destroy the ii’rrms, because the 
rapid flux of blood maintains a safe temperatun, henee the destruction 
which certainly (foes lake place must be due to the activity of the phago- 
cytes, 

Itadiant light anil heat, when employed in the treatment of local in- 
fection, should aim always to produce, by prolonged application, in tense 
local hyperemia for the purpose of Hooding the infected ti^ue with an 
abundance of fresh blood. 1 11 eases of acute or chronic inlcction it is pos- 
sible hv this means to destroy' the local infection in the I’orim r, leaving 
the tissues in a normal condition, and the latter with changes relative to 
the hyperplasia or necrosis, which had preceded the administration. This 
condition occurs often in carbuncles or other large abscesses that are not 
arrested in the' earlier stages. 

Abscesses.-— An effective method of inciting abscesses is jo precede tho 
employment of radiant light and heat with X-rays, employing what would 
approximate a massive Sahoraml dose or tlm approximate equivalent of 
thirty' or forty* minutes’ exposure with an average* dose or intensity or- 
dinarily used on alternate* days for the treatment of epithelioma. This is 
followed after twenty-four hours hy the* systematic employment twice 
daily of prolong! el local applications of radiant light and Inal as near to 
the surface* as they' can In* comfortably borne hy the patient without com- 
premiising an active hyperemie* effect. These* treatments -hould be* con- 
tinued for at hast one half hour, and will, as a rub*, result in tin* abortion 
of the process within thirty-six to forty -eight hours. When, however, an 
abscess is far advanced, evacuation should precede the* administration of 
radiant energy, when, if lissue mrrnsis has not inn rvencel, the recovery 
will generally In* prompt und sat is fact eery. 

Acute Otitis Media.— A elite otitic metliu, tmite*d hy this method, may 
be uniformly aborted if the* treatment is institutenl as mnui as the* earache 
is causing severe pain, before pus has formed, auel m ofte*n effective in ad- 
van<*e d cases, if sufficient iborouglmwK is employed in the* applie*atiou. Tn 
these cases the* rule* should he to apply radiant light ami lu*al, for conveni- 
ence, with a small lamp of f>0 candle power until the* pain has subsided, 
repeating the* application upon the rceurrewe e?f pain. As these small 
reflecting lamps can lx* used in so many houses at the* present time*, the 
family or nurse in charge she mid he* directed to keep up a pretty steady 
application of radiant light and heat from the oii.m*!. of the* pain in the ear. 
Otitis media m usually caused hy a pharyngeal t*oiuplieatiou. The co- 
incident treatment of a local pharyngitis is necessary to prevent recur- 
rence. 
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Chronic Otitis Media* — In suppurative otitis media chronica, when not 
of long standing, in which the ossicles are not necrotic, the condition is 
promptly cured in most cases by daily applications of radiant light and 
heat for periods of at least one half hour to one hour daily, and in severe 
cases two daily applications may be advisable. It is possible to cure most 
cases in from two to three weeks, and often within one week ; thus effecting 
a complete recovery from a condition which will often have been present 
for months. If cases of acute and subacute otitis media are treated sys- 
tematically with radiant light and heat before mastoiditis intervenes,- 
there will be but rare occurrence of that condition. 

Mastoiditis. — Mastoiditis, in the early stage, or cases in which the 
process has not been active enough to have resulted in necrosis, the affec- 
tion may often be aborted and cured by the systematic use of radiant light 
and heat. The relief from pain and prompt fall of temperature will be the 
indication that the local pyogenic process is in abeyance. That the pos- 
sibility of these results is not recognized by aurists generally is often 
unfortunate for the sufferer. The method is so unobjectionable that the 
only argument that the surgeon could advance against its employment 
would be the danger of delay. The treatment should be instituted as early 
as possible and pending an operation in all cases, and also following op- 
eration if one is demanded by the conditions. It will be shown in the 
following suggestions that radiant light and heat may wisely be used in 
the treatment of all accessible post-operative conditions. 

The writer has himself verified the success of this method in the treat- 
ment of two cases of mastoiditis and numerous cases of otitis media. 

The first reports of the success of this mode of treating otitis media 
and mastoiditis must be credited to Dr. Herbert P. Pitcher (1), who re- 
ported successful results ill a number of cases. These results have since 
been duplicated by numerous observers who have employed them intelli- 
gently, and mark a distinct advance in the management of these distress- 
ing affections. 

Suppuration of the Frontal Sinuses. — This condition may be treated 
successfully in the same manner. In these cases the treatment should be 
employed at least once daily for a long time. The following case well 
illustrates the method and result : 

Miss S., age 35, a patient who had been a subject of pulmonary tuber- 
culosis, was referred to the writer on December 15th, 1910. She com- 
plained of having had a profuse discharge from the nose which had sud- 
denly ceased, when she had begun to suffer from intense pain and discom- 
fort in the region of both frontal sinuses. A small, 50 candle power in- 
candescent lamp with parabolic reflector was used in the treatment. The 
patient was instructed to apply it herself, passing the reflecting lamp back 
and forth for one hour daily over the forehead. The application was 
made with the elbows resting upon a table with the reflector so directed 
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that the greatest intensity of the radiations fell directly upon the sinuses. 

After three' applications a thick mucopurulent discharge was re- 
established. The treatment was continued daily for mu* month. The dis- 
charge became gradually less thick and purulent, and then serous, and 
within the month entirely ceased. The pain was relieved soon after the 
first purulent discharge was established. This patient, has had no recur- 
rence whatever of the affection during the past nine mouths. This ease 
represents a fairly typical one of the sort, ami forecasts that similar re- 
sults will he obtained in most eases; because this patient, owing to an 
unfavorable general condition, was below the average resistance. 

Antral Disease. — In disease of the antrum, in the early stage before 
pus has accumulated, undoubtedly the same method will he successful. 
It is readily demonstrated that light shines out through the antrum when 
a small electric lamp is placed in the mouth. There is no reason to doubt, 
therefore, that the application of radiant light, over tin* same region as in 
tile preceding eases from without should produce the characteristic, effects 
of radiant light and heat, upon local infection within the antrum. In ad- 
vanced rases, after the pus has been drained through an opening made 
by drilling or extracting a tooth or both, from the Hour of tlu* antrum, this 
method should be thoroughly effective and promptly result, in complete 
recovery as in the frontal sinuses and otitis media eases. 

Tuberculous Infection. — In the treatment of local tuberculous infec- 
tion light is a very valuable accessory to the thermic effects of direct 
d’ArsonvaHzalion, and Roentgen ray applications. The effect of radiant 
energy upon germ life in tuberculosis, as previously jdmwn in oilier cases, 
ia to produce marked depression upon the germs while coincident Iv in- 
creasing local phagocytosis and tissue resistance. 

In iitherrubms adenitis a large percentage of the incipient eases would 
require no further treatment than systematic applications of radiant light 
and heat. In these eases the results arc uniformly successful, except when 
suppuration has intervened, when the proei^s of recovery will, as a rule, 
he very tedious. Radiant light and heat, however, following tlu* syste- 
matic use of the Roentgen ray, is one of the most, valuable adjuncts in the 
treatment of these cases. 

Tn tuberculous arthritis the hyperemia induced by radiant light and 
heat, as in other conditions, lends great assistance lo tin* Roentgen ray and 
thermic effects of the direct d’Arsonval current, with ihe possibility of re- 
lieving the joint in early cases. 

In tuberculous peril on if is, following systematic X-ray treatment, the 
employment of radiant light and heat is often effective in restoring the 
parts to normal. In all ea«H*s in which tlu* X-ray has been used for a 
considerable time, subsequent applications of radiant light and heat are 
often capable of restoring tlu* underlying tissues to a normal condition 
when the inhibitory effect of the ray has lessened the tissue vitality. This 



THERAPEUTICS OF RADIANT LIGHT AND HEAT 453 


is particularly important in tuberculous subjects, in whom lowering of 
tissue resistance is fraught with clanger of local recurrence. 

Intestinal Infection. — In intestinal infection, or conditions of fecal 
putrefaction, with impaired secretion, prolonged applications of radiant 
light and heat are remarkably efficient, in connection with diet regulation 
and systematic evacuation, in correcting various irregularities in the in- 
tentinal flora, both by increasing the normal tissue resistance and secre- 
tion and by retarding the processes of germ development. Applications, 
to be effective in these cases, should be made for from 20 to 30 minutes 
daily over the abdomen with a high candle power incandescent lamp 
moved rapidly about. 

Pelvic Congestions. — In various pelvic congestions, associated with 
or without infection, the application of radiant light and heat not only 
gives great temporary relief from pain, but, at the same time, facilitates, 
in many cases, a cure of the local condition, when employed in conjunc- 
tion with other indicated methods of treatment. Radiant light and heat 
should never be used during daily administrations of the Roentgen ray, 
but following series of applications, when a dermatitis may have appeared, 
or from the restitution of the tissues, following long series of X-ray radia- 
tions. 

Appendicitis. — In appendicitis the suggestion of treatment with ra- 
diant energy presumes with audacity on the present conceded precinct of 
surgery. This measure, however, seems to be indicated instead of ice 
or convective heat in mild cases and in all early cases of appendicitis. 
The writer’s experience in three cases in his own family, who were under 
the close observation of a surgeon from the beginning of treatment, during 
the past year resulted in a complete relief of each with the application of 
no other measure than radiant light and heat. In one case, in a young 
woman twenty-one years of age, after an acute appendicitis, the first 
twenty-four hours having begun with severe pain, treatment with radiant 
light and heat was instituted before Dr. Herman Grad, the surgeon, 
reached the house. Administrations of radiant light and heat were given 
for periods of one-half hour with a high candle power lamp. During 
the following twelve hours the temperature was reduced from 101%° to 
99° F., and there was complete relief from pain, except on pressure, 
and the local muscular tension was markedly diminished. The treatment 
was persisted in for three days, when it was discontinued, the symptoms 
having completely disappeared. For one year there has been no sign 
or symptom of recurrence. 

Another case was brought to the city after three days of suffering, 
during which ice had been applied constantly over the appendix. The 
patient, a boy seven years of age, arrived in town late in the evening, 
and radiant light and heat from a high candle power lamp was applied 
almost constantly during the night, when, by morning, the temperature 
31 A 
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hud fallen from 10:2 11 to 100 F. The surgeon who was called in attend- 
ance advised the continuance « »f rudiuut light and heat fur another day, 
when the pain had gradually rea-ed and the temperature had fallen to 
1)1) R>° F., and the muscular tension wib mueh less marked, The applica- 
tions were continued in this case, under the observation of the surgeon, 
for two weeks, when the child had completely recovered, and the appen- 
dix, which, when he came under observation, was much enlarged and 
indurated and could he easily palpated through the abdominal wall, could 
not he readily made out by palpation, nor pain induced on deep pressure. 

These eases are referred to as suggesting the possibility of arresting 
eases of catarrhal appendicitis in the early stages. The writer here pleads 
guilty of infringing upon the accepted rules hut under the observation 
of prudent and competent surgeons. The results leaxc no feelings of 
compunction, hilt, on the contrary, would dispose the writer to) repeat the 
ttimic mrlhnd early in every ease, and in all eases who refuse an operation. 

lu chronic appendicitis radiant light ami heat as an adjunct to the 
Roentgen ray and flu* direct d'Arsonval current lias often been effective 
in cheeking the process and relieving tin* patient from all local pain and 
discomfort. Adhesions in those eases seem to he the only condition that 
precludes the possibility of complete recovery from the local symptoms, 
when, if tin* alimentary canal is subsequently kept in a proper sanitary 
condition, there is not mueh liability of the trouble recurring. 

Erysipelas. — Krvsipolas, when treated by long applications of radiant 
light, has given remarkable results in the few ea<e< in which it has been 
observed by the writer. There is probably nothing that promises greater 
relief from the discomfort arising from the conditions associated with 
erysipelas, with the possibility, also, of limiting the process, than the 
local applications of radiant light and heat. The relief has been prompt 
and the lesions have disappeared within forty-eight hours in the eases 
observed. 

From the foregoing observations, the writer would recommend a more general 
investigation and institution of radiant light and heat in tin* treatment of infectious 
conditions. It will be found that, when systematically employed, tin* possibilities 
are remarkable, from the action of radiant light and heal in infectious processes. 

Inflammation Arising from Toxemia 

Toxic intlammution, as affecting the heart, joints, throat, and other 
parts of the organism, is usually of intestinal origin, associated, in 
most cases, with tin* presence of unusual proportions of gram-positive 
and other offensive bacilli in the intestinal tract. Indications in these 
cases may lie* first of all, intestinal sterilization, which includes thorough 
evacuation. Radiant light and heat plays a very important part in the 
management of these eases. 
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Radiant light and heat baths are particularly effective in forcing the 
elimination of systemic poisons with the perspiration, and, at the same 
time, by quickening the general metabolism and improvng nutritive 
processes, thereby increasing the resistance against the toxic invasion. 
The application of radiant light and heat with a high candle power in- 
candescent lamp over the abdomen is remarkably effective in improving 
nutrition, and also in impairing the activity of the intestinal bacteria. 

Cardiac Toxemia. — In toxemia affecting the cardia there is probably 
no agent which contributes more to the relief of the local condition than 
the intense local application of radiant light and heat, except, possibly, 
the removal of the cause, as the source of the toxemia. 

Joint Conditions.- — To inflamed and painful joints, the seat of toxic 
disturbance, the prolonged applications of radiant light afford remarkable 
relief to sufferers from so-called rheumatism, rheumatoid arthritis, and 
other local toxic inflammations. The cure of these conditions, however, 
looks to the rational treatment of the symptom-complex. 

Parenchymatous Nephritis. — In parenchymatous nephritis, which may 
or may not be of toxic origin, the radiant light bath is one of the most 
valuable measures for the relief of the condition, removing, as it does, 
through the sweat glands, much of the toxic material and the nitrogenous 
waste which should properly be eliminated by the kidneys; and, at the 
same time, the general metabolism of the patient is materially increased. 

Inflammation not Associated with Infection ok Toxemia 

Simple Inflammatory Infections. — In simple inflammatory affections, 
or those arising from mechanical injury or impaired metabolism, the con- 
ditions are often greatly relieved by radiant light and heat, but not so 
effectively as those arising from infection, because, in most cases, there 
is an associated infiltration or induration which is more effectively re- 
moved by the static current. The application of radiant light and heat 
does not relieve local induration. The pain in neuritis may be lessened 
by the application of radiant light and heat and in other conditions where 
induration is present. This is due to the softening by relaxation of the 
hardened tissue, relieving the pressure upon the nerve filaments, and not 
to dissipation of the induration. Light and heat, thus applied, relieve 
pain but temporarily, it returning after a short period of rest. In the 
treatment of inflammation of this type, therefore, the influence of radiant 
light is that of an adjunct agent; and, when employed with the static 
current in the trea tm ent of any of the conditions in which it is used, 
should always precede the static current. 

Impaired Metabolism. — In conditions of impaired metabolism, where, 
for any reason, the functions of the organism are inactive or relatively 
inert, the administrations of radiant light and heat are particularly effi- 



ir»<i nwnwT lkiiit and iikat tueuavy 

eicnf in st imiihiti ng local inactivities. Thi- i- t*-j u-t*i:ill v the ( * asG 
neurasthenic patient.*' who for a long; time have sulfeivd from chronic 
constipation and relaxed condition", and tlnwi 1 in feeble health. In these, 
administration-* of radiant I ii**ht ami heat, particularly to the trunk, are 
followed by marked improvement after week-* of treatment. With the 
restoration of active perspirnt ion, which i>, as a rule, detieient in these 
eases, as well as of the other secretion", the appetite iiiipro\cs, and there 
is marked improvement in the general health. In all eases the a ))]>li ca- 
tions at eaeh treatment should he made until the surface is distinctly 
hvperemie. Tlu* high candle power lamp should be swung \erv (dose 
to {lie patient and moved \erv vapidly, and, if he emuplaius of too great 
heat, an oeeasional rapid movement of the hand over and against the sur- 
i’aee at the places where tin* heat is greatc-t the patient to tolerate 

the intense radiations. Administered in this way, local hyperemia may 
he induced very rapidly. In very obese patients the applications should 
he made to the front, sides, and buck ; hut ordinarily tin* applications to 
the front and back of the trunk are sufficient. 

In (tannic jmlirnls it is quite remarkable how promptly the per- 
centage of hemoglobin and the red blood count increase when other 
conditions which have caused the anemia are coincident Iv treated, 1 lie* 
light having a nmarkablv beneficial effect in this particular. 

The t ttfh f hath in defective metabolism, as associated with nrphriti, s\ 
rheumatoid arthritis, (foufi/ am/ other arthritic conditions, is very 
beneficial, and the l>est means of eliminating toxic materials from the 
system, as it eoineidently improves the general and local metabolism. 
Thu patieul should receive this treatment on alternate days at least. 
The* temperature of the* hath should In* raised rapidly to from liOO'' to 
^50° R, and the period of the hath should ho from -0 to ;>0 minutes, 
according to llu* vigor of the patient, a rise of tin* patient’s temperature 
above 100* R, or rapid acceleration of the puNc being an indication to 
cut off part of tlu* lights, or discontinue tlu* hath. Tlie-e patients may ho 
thoroughly rubbed and dried off after the hath, or, when a profound dia- 
phoresis is desired, they may lu* wrapped up in a sheet or llaunel blanket, 
and allowed to rest for a considerable time. The rest may be followed hv a 
tepid shower, or the skin may In* dried and followed by a thorough mas- 
sage, preferably with the vibrator. Another method is to submerge the 
patient when taken from the hath in a water hath at a temperature of 
about 100° R, and then gradually cool tin* water to about 70 1 to SI) 1 R 
by allowing a small stream to How into tlu* tub. The* patient may then 
he thoroughly dried with towels and allowed to rest for a time. A long 
rest following a light hath is often of great benefit to feeble patients. 
When these baths are given frequently, as they may In* in hospitals and 
sanatoria, the patients after tlu* hath should In* put to bed in a quid place 
where they can rest, because a refreshing sleep will generally follow such 
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batli. When the light bath is installed, as it will be generally in sanatoria, 
this method of treatment will afford great relief in most feverish condi- 
tions, the fever being often due to the toxic poisons, which are largely elim- 
inated in the radiant light and heat bath. The effect will be not only to 
reduce the patient’s temperature by the evaporation of the perspiration, 
but also to relieve the patient from the toxic accumulations, which, as 
previously stated, may be largely the cause of the fever condition. 

Ti-ie Post-Operative Uses of Radiant Light and Heat 

The use of radiant light and heat following operations has not, to the 
present time, been adopted as it is certain to be when the degree of relief 
afforded by its application has been clinically demonstrated to the surgical 
staffs in the hospitals. Its employment is not only indicated for the im- 
mediate relief of the patient following an operation, but also to prevent 
the conditions of infection with induration in the margin of the wound, 
which often intervenes and delays union by first intention. Post-operative 
conditions of tenderness immediately following the manipulation of the 
tissues beneath the surface often result in the establishment of a degree 
of infiltration throughout the tissues evidenced by tenderness and swell- 
ing, which also retards the reparative processes. In other words, the 
tenderness following operation is due to local congestions, which may 
result in local stasis within the tissues immediately surrounding the site 
of operation. If, directly following an operation, prolonged application is 
made of radiant light and heat to the extent of inducing a diffused hyper- 
emia throughout the tissues, the flow of blood throughout the tissues, 
if the drainage has not been too severe, will, if kept up for a 
half hour or longer, maintain the circulation and thereby prevent 
the establishment, as previously stated, of infiltration and stasis. 
This is manifested by the great relief from pain and tenderness that is 
afforded the patient when radiant light and heat are applied with thor- 
oughness in this manner. If the patient is wheeled from the operating 
room to a room where light is applied over the site of the wound im- 
mediately after an operation, for half an hour, and through the thin 
gauze dressings, the best results are obtained. Following such applica- 
tions the patient will relapse into a quiet sleep. The immediate relief 
from the pains of the operation and the tenderness following an opera- 
tion is remarkable when this routine is carried out. If light is applied 
in this manner each time the dressings are changed, or twice daily 
through the dressings, it is remarkable how rapidly complete union takes 
place, and in how few cases there will be delayed union. The hyperemia 
induced not only increases the local nutrition, but. with the increased 
presence of phagocytes in the tissues, the likelihood of the site of the 
wound becoming infected is reduced to a minimum. This has been dem- 



RADIANT LKillT AND UKAT TIIKKARY 


4f>K 


onstrated to the writer's satisfaction, aiul warrants, he believes, its e arc- 
hil investigation in private and hospital praetiee. 


Tkkatmknt of f* n i.kbitis 

It, is remarkable how much comfort can be afforded from tin* applica- 
tion of radiant light and heat in eases of phlebitis. Tho applications 
should be* made for a long time, until tin* tissues are fairly hyporomie, 
when, to obtain the most prompt results, they should bo followed by syste- 
matic applications of the static brush-discharge, until the tissues are 
softened by the removal of the local iuiiltration. This method is uni- 
formly successful in all eases in which tenderness is still present; that 
is, in all eases except whore the vein has become occluded. The writer has 
relieved eases in which the inilanimalioii has l>oon present for throe to live 
months; in one of the cases of three mouths' standing, the saphenous vein 
was involved. 


Radiant Lihht and IIkat in Dkumatoumy. 

Radiant light, and heat, art* indicated in the treatment of local skin 
conditions requiring stimulation, as in atonic conditions associated with 
infiltration and impaired metabolism. In such ca^os, the persistent in- 
duction of hyperemia is remarkably effective in restoring nutrition and 
promoting a restoration of tin* skin to the normal. This is true either when 
employed alone or as an adjunct of electrical treatment. 

Eczema. — In eases of chronic eczema it is indicated, hut contraindi- 
cated in eases of acute moist eczema. Desloges has reported a ease of 
eczema of eight years’ standing, covering the body, in which high fre- 
quency currents were applied to the hands for three weeks with complete 
success. To the eruption still remaining on the legs and surface of the 
body, however, the. high candle-power incandescent lamp was applied. 
Ruder this treatment the redness gradually disappeared, the sears sepa- 
rated, leaving the skin in a normal condition after three weeks. The ap- 
plications were made for twenty minutes, morning and evening. In this 
case, after two years, then* had been no recurrence. 

Psoriasis. --In psoriasis very favorable reports have been given of suc- 
cess by the use of the high candle power incandescent lamp. One writer 
reports over thirty eases in which he obtained remarkable success by 
Ihe employment of this means. He reports that often no improvement 
was shown until after twenty or thirty daily applications; and that the 
treatments extended over long periods of time. In bis experience the 
patches of psoriasis cleared up first in the center, become more pink, and 
then faded away. 
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Itching' Erythemas. — In the itching erythemas the prolonged appli- 
cations of radiant light and heat are often remarkably effective in reliev- 
ing the disagreeable symptoms. These cases, however, require, at the 
same time, attention to the systemic cause of the eruption. 

Acne. — In acne the stimulating effects of light in many cases assists 
in effecting the relief of the condition. In acne, however, there are 
usually better means of treatment. 

Urticaria. — In urticaria, even in cases which have persisted for a 
long time, the result of long applications with radiant light is remarkably 
good. The writer knows of nothing that offers such prompt relief in 
these cases as long applications of radiant light and heat. In one instance, 
a case which had persisted for weeks was entirely relieved with one treat- 
ment to the whole body, which was made for fully one and one-half hours. 

Varicose Ulcers. — In varicose ulcers the use of radiant light and heat 
daily with fairly long exposures is effective in promoting healing. When 
used alone it is often successful, but the result is not nearly so prompt 
as when employed in connection with the static brush-discharge, as in 
phlebitis; the application of the static brush discharge removing the in- 
filtration. 

The scope of indication for the employment of radiant light and heat, 
it will be observed, is large; and, though the writer in this treatise 
has but briefly touched upon the subject, it is hoped that what he 1 
written will lead to more thorough investigation. 
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RADIOACTIVITY AND RADIOACTIVE SUBSTANCES 

Tlu* properly of radioactU ity was dNeovered bv Prof. Henri Hee- 
quorel of Paris in 1806, while conducting a series of investigations on 
the phosphorescence of uranium salts. lie discovered that not. only 
were spontaneous radiations omitted by phosphorcsconl uranie salts, but 
that they were also produced by salts of uranium o\i«l ami prolnxhl 
and by tlu* melnl uranium itself, none of wbieh were phosphorescent. 
From this it was eoneluded that the property of emitting a peiu't rating 
radiation belonged to the element uranium itself, tpiite apart from any of 
its chemical combinations. To this phenomenon tlu* term “Uecquerel 
rays” was applied. 

In 18 it 8 Prof, and Mine. Curie and M. Schmidt independently dis- 
covered similar rays in thorium, and, emit inning her invest i pit ions into 
the radioactivities of various uranium compounds. Mint*, (‘uric made 
a wonderful discovery. Uranium is found ehieily in the form of a black 
uxid from the mineral pitchblende. This i-. mined principally at .lua- 
ehimsthul, in Pudiemia, ami, on comparing the radioactivity of this sub- 
stance with other uranium salts, it was discovered that the pitchblende 
was thru* or four times more active than uranium itself. The only ex- 
planation for this was that some substance far more radioactive than any 
known element must be present in the pitchblende from doueliimsthal. 
Mine. Curie proceeded with the dillieult task of isolating: this element, 
and, after a scries of prolonged and exacting resea relic*', succeeded in ex- 
tracting two substances. One of them was exceedingly active and was 
called radium, the other, which was much weaker, was called polonium, 
after Mine. Curie's native* hind, Poland. This was in l DUO, and in the 
same year another new radioactive body was discovered by M. Debierne 
and called actinium. 

Radium, actinium, and polonium have since been shown to la* disinte- 
gration products of uranium, and take varying periods to be produced 
460 
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from it. 'It is probable tbat the final disintegration product of uranium is 
lead. At every change, from one stage to the other, the atoms give out 
large stores of energy, which produce radioactivity. 

Thorium is another element from which a series of radioactive bodies 
develops over a period of time, its disintegration products being known 
as mesothorium, radiothorium, and thorium x. These, particularly meso- 
thorium, have recently been used in therapeutics. Their action depends 
upon rays similar to those emitted from radium. 

At the outset it must be conceded that the greater part of our knowl- 
edge of this agent, its physical and therapeutic properties, has been 
derived from the French school. To M. and Mme. Curie is due the honor 
of having isolated the substance and determined its physics and chemistry, 
while to the late Dr. Louis Wickham, of Paris, and his colleague, Dr. 
Degrais, belongs the credit of having brought to bear all the resources of 
science in order to put radium therapy on a sound and sure scientific 
foundation. 

PREPARATION OP RADIUM 

It may be of interest to briefly consider the methods of isolating the 
mineral from the various ores in which it has been found. The chief 
source is pitchblende or uranium oxid, found in various parts of the 
world. The principal workings are at Joachimsthal in Bohemia, but it 
is also found in Hungary, Saxony, Turkey, Cornwall, Sweden, and Col- 
orado. 

Three steps are used in the process of extraction of the element: 

(1) Mechanical , in which, by crushing and pulverizing the ore, it is 
reduced to a very fine powder. 

(2) Chemical, in which, by treatment with hydrochloric acid and 
carbonate of soda, a solution is finally obtained containing only radium 
and barium. 

(3) Fraciionization: By repeated crystallizations a more and more 
concentrated solution of radium salts is obtained until, finally, from one 
ton of ore, two to five centigrams of pure radium bromid are produced. 

But pitchblende is not the only source of radium. Small quantities 
of it, much smaller than the amount in pitchblende, have been found in 
most minerals which contain thorium and uranium, and the rarer earthy 
metals also contain small traces of radium. It is found to occur, also, in 
certain mineral waters, and in the mud from hot springs, and, thera- 
peutically, as will be seen later, this factor is of considerable importance. 

CHEMICAL AND PHYSICAL PROPERTIES 

For practical purposes we use radium in the form of one of its salts, 
usually the bromid, chlorid, or sulphate. The element was prepared in the 
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pure state by Mine. Curie sm«i M. I tcbierue in ID 10. Il is a member of 
the alkaline 1 earths, ami us atomic weight. is 22."*. It is therefore placed 
before barium in the* MendohViT table*, ami «>u tlu* same 1 line as thorium 
ami uranium. Radium bromid is tlu* <alt usually u-ed An* M*ientitic pm*, 
puses. It occurs as luml, yellowish crystalline particles. Kaelium and its 
salts possess, in a higher degree than any either known substances, radio- 
active. properties. These properties are four in number, viz. : 

1. The liberal iem of heat. 2. The liberation of light. 2>. Its 
power of ionization, that is, it renders air a good conductor of electricity 
by separating it into irons, d. Its production of certain rays which cun 
pass through optujuc Imdica, make impressions on photographic plates, and 
produce various biological effects. 

Tlius it, can be seen that radium liberates* an energy which shows 
itself in diverse ways. It is this energy which is made use 1 of therapeu- 
tically, and it will therefore hear further study. 

The energy given off by radium is complex and has been found to 
consist, of: (1) A radiation composed of three distinct kinds of rays, 
which have been called the Alpha (er), Beta (/*'•), and Gamma ( y) rays, 
and (2) the liberation of a gas, called tla* emanation. 

Radiation. — The Alpha rays art* made of atoms, that is, material 
particles of matter, about twice the size of an atom of hydrogen. They 
are positively charged and are projected with a velocity of about twenty 
thousand miles per second. About IH) per cent, of the total radiation is 
made up of Alpha rays. They have very little penetrating power and arc 
easily stopped hv a thin piece of paper or rubber. Owing to this slight, 
penetrating power, the Alpha rays are not available for use in most of 
Ihe forms of apparatus employed in treatment. Recently, however, by 
use of solutions of radium salts injected into tissues, the Alpha rays are 
being used, and, forming, as they do, such a large percentage of this total 
available radiation, this method of treatment, is of great importances and 
will he discussed more fully later. 

The Bvln rays are made up of particles negatively charged, and 
projected with a velocity almost as great as that of light. In size they are 
about 1-1000 of that of the hydrogen atom, and in all respects except, 
velocity are identical with the cathode ray particles liberated in a vacuum 
tube. "Beta rays form aboul 0 per cent, of the total radiation, but are not 
all homogeneous, varying in their power of penetration. Some are, very 
little more penetrating than the Alpha rays, and are known as ‘‘soft/* 
Ileta rays; others, called hard Beta, art* extremely small and have great 
speed and penetrative power. Between these extreme* are what, arts called 
the medium Beta rays, which range in ascending strength from the soft 
to the hard Beta rays. 

The Uamma rays form only about 1 per cent, of the total available, 
radiation. They have great penetrating power, traversing as much as 
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ten centimeters of lead quite readily. They have a velocity eqnal to that 
of light and are a pulsation of the ether, in this respect being similar 
to X-rays. But they differ from the latter in their greater power of 
penetration. On encountering matter the Gamma rays produce secondary 
rays, similar to Beta rays. These were first described by M. Sagnac and 
are usually called after him. Therapeutically this is a point to be re- 
membered, as many secondary effects, such as telangiectases, may be pro- 
duced if these secondary rays are not guarded against. 

Owing to the differences in penetrative power possessed by different 
rays we are enabled, by interposing suitable screens, to use what rays 
we wish in a given case. Thus a very thin screen of paper or rubber 
will serve to cut off the Alpha rays, allowing only the Beta and Gamma 
to pass. "With screens of different density, made of aluminium or lead, 
the different Beta rays can be intercepted, the thickness of the filter de- 
termining whether the soft or hard Beta rays will be cut off, until finally 
by interposing a lead screen of at least 5 or 6 millimeters in thickness 
only the Gamma rays pass. 

Emanation. — In addition to the radiation, radium gives off energy in 
the form of a radioactive gas called the emanation, a gas allied to the 
Argon group of inert gases and having an atomic weight of 222.4. The 
name Niton is proposed for this gas. It is intensely radioactive, and 
gives off first the alpha rays, then the beta rays, and later the gamma rays. 
Its radioactivity is not lasting, decreasing by half in 3.Y days, practically 
disappearing at the end of a month. The freshly collected emanation is 
as radioactive as the radium from which it is prepared, and has the same 
therapeutic results. Thus from one radium source a large number of 
tubes of radium emanation can be used, provided too long a time does not 
elapse between the preparation and the application. One exceedingly 
promising field for radium emanation is internal medicine, on which con- 
siderable work has been done recently. 


METHODS OP APPLYING RADIUM 

The question how to apply radium salts to the best advantage is a 
very large one. Several factors necessarily come into consideration. It 
is desirable to use an apparatus which will give an even distribution of 
radiation, and one in which every particle of radium can he used to the 
best advantage. On occount of its great cost one naturally desires a 
stable form of applicator, one that will not be impaired by contact with 
the body tissues. The earliest containers were glass tubes or capsules. 
These had ilie manifest disadvantage of being easily * broken with loss of 
some of their contents. Moreover, in a tube the particles of radium 
naturally collect together at one end, so that a great deal of the radiating 
surface is lost. The chief advantage which these tubes possessed was 
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the facility willi which they could b<- iu-irted into tmimr masses, or 
passed info the various body cavito- through either natural nr artificial 
openings. At prest ill wo still um 1 these lubes, only now a silver or, pre- 
ferably, a pint iimm tube is used as a container. TIicm* ran be obtained 
holding MirimiK quantities of radium bmmid, from a milligram to 2 nr 3 
nr more centigrams. Their eliief sphere of usefulne-- lies, as is said 
above, in the faeility with which they «*an be inserted into small openings. 
Jn using the {.lilies this way I employ a method suggested to mo by Dr. 
Hubert Abbe, of JSew York. The railium tube is threaded on a silk or 
silver thread and passed into a celluloid tube some four iuehes in length 
ami about a quarter of an inch in diameter. The eellulnid tube in no 
wav diminishes the radiation, which, after passing through tin* platinum 
capsule, consists essentially of hard I Set a and (Jammu rays, while it pro- 



Ficj. 1. — -Sown IhuiifM Am Hires. (Author's -Nik 1, U, 3, unit 4, radium plaques 

ranging fmm 50,000 o> ,“>00,000 nriivity ami of diftVrrnt from om* to i«mr rontimHars 
square. No. eelluloid tube ileviseij by Hubert Abbe of New Votk, to eoutaiu u tula* 
of radium for insertion into tissues No. t>, small platinum tula* enntaimi.p, 1 eenti^ram 
of pure radium liromid (li, 000,00(1 activity). 

»«ets the capsule from rnntnet with, and more or less disintegration by, the* 
body lluids. Tin* eellulnid tube, with its euiitained radium tithe, cun 
then lx* introduced into various situations, such as new growths, into 
the* bladder, rectum, oh*., etc. 

For Ihe applieation of radium salts in more extensive snrfaees Dr. 
Wickham devised a method of incorporating the salt into a varnish, 
which was then tixed to a metal or linen base finite" applicators'!. The 
varnish ust*il is a special one which procures great solidity and per- 
meahili ty. This is poured into the huso, which is usually made of cop- 
per, and the required amount of radium salt is spread over the surface 
so as to obtain as even a distribution as possible. The varnish is dried 
and rosined, when it presents, a hard, smooth, -dimy surface. At first the 
radium grains appear as yellowish specks, hut they soon become brown, 
and finally black. “The radioactive value of the varnish naturally de- 
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pends on the quantity, quality, and proportion to the surface of the con- 
tained radium.” Those ‘‘plaques,” as they are called, can he obtained 
in a variety of strengths, shapes, and sizes, depending on the particular 
part of the body to be treated. Not nearly so much of the radiation is 
lost as in the case of tubes, and a large proportion of the softer Beta rays, 
and some few of the Alpha rays, can escape and exert their peculiar 
actions. The “toile” applicator consists of a cloth covered with radium 
varnish. A much larger proportion of Alpha rays escape. The apparatus 
is flexible and can be molded to any particular part of the body, around 
a limb, for instance. It is usually employed where short applications of 
a strong radioactivity are desired over a fairly large area, as occurs in 
certain skin diseases. 

Dosage of the Radiation. — The radiation from the apparatus may be 
varied both quantitatively and qualitatively, depending on the effect de- 
sired. Thus, if a superficial action is necessary, as in certain skin af- 
fections, short applications of a naked plaque are used. By the term 
“naked” is meant that no screens are employed to cut off certain of 
the rays. It was seen that the various rays had different penetrating 
power. The Alpha rays are practically all blocked by the varnish with 
which the salt is incorporated. To stop the Beta rays screens of alumin- 
ium 1-10 millimeter, or more, in thickness are used, depending on what 
quantity of the softer Beta rays it is desired to obstruct. The medium 
Beta rays are only stopped by screens of lead varying in thickness up to 
one-half millimeter. A screen of this density allows only the hard Beta 
and Gamma rays to get through. As these rays form a small percentage 
of the total radiation it is necessary to leave such an apparatus on for 
some hours, all night, for instance, in order to get the effect of the Gamma 
rays on the deeply lying structures. When using metallic screens it must 
be remembered that in passing through them secondary rays, rays of 
Sagnac, are produced, which have a superficial irritating action. These 
are cut off by placing a few sheets of thin paper, preferably black, over 
the screens next to the surface to which the plaque is to be applied. Over 
the whole a thin sheet of rubber is then applied. The rubber should be 
used in every case, even when the apparatus is used “naked,” as it serves 
the double purpose of protecting the varnished radium surface from de- 
struction by skin secretions, exudations, etc., and, a fresh piece being used 
for each patient, the ordinary esthetic rules of cleanliness are complied 
with. Eor this purpose the thin rubber sheeting known as Dental Rubber 
Dam is excellent. The radium plaques are fastened over the parts where 
their action is desired by means of strips of adhesive plaster. 

“Cross-Fire ” — What Wickham calls the “cross-fire” method of ap- 
plication is one found to be exceedingly useful in practice. Here, by 
placing apparatus at different points, the rays can be made to cross each 
other in various directions, and the tissues are thus inundated with the 
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energy. When placed on opposite sides of a lumor, for instance, the 
tissues midway receive by this method twice as many rays as if the 
apparatus were only on one side, and there is a more even distribution of 
tlu* rays throughout the mass. 

Tin* strength of tin* apparatus one is using is, of course, a necessary 
factor to he considered in directing the treatment. It is usually measured 
by the radioactis itv produced by it. Omnium being taken as the stand- 
ard and given a radiouetivitv of 1, the radioactivity of pure radium 
is 2,(KH),(HK!. The radiouetivitv is measured hv the relative speeds with 
which a charged electroscope is discharged when a radioactive body is 
brought near to it. Pure radium is employed therapeutically only in the 
forms of tlu* tubes or capsules mentioned previously. On the varnished 
plaques radium is mixed with an inert body, lt-nally bromid id* barium, 
in varying proportions. Thus a mixture of one part of radium and three 
parts of barium bromid would have an activity of f>00, ()(){), a strength 
quite commonly used. Other apparatus is prepared with a strength oE 
1 01), ()(){), oO.OOO, and so forth. With the apparatus as purchased one 
receives a certificate of the amount of radium salt and its strength. This 
should be veritied by means of the elect roseope, and tested again from 
time to time during the first few months until the apparatus is matured. 

It has been suggested by Turner that the dose of radium should be 
“stated in terms of the product of the .strength id* the preparation and 
llie length of tin* exposure — what would In * termed in an eleetrieal measure- 
ment the ‘ampere hours/ Thus a ten-milligram speeimen applied 
for one hour would he ealled ten milligram hours; applied for thirty 
minutes, live milligram hours. If live milligrams were applied for 
twelve minutes it would he one milligram hour, and so on. Thus a dose 
of ten milligram hours could he given by one milligram applied for ten 
hours, or twenty milligrams for thirty minutes, etc." 

Much a method as this does not, however, take into account the uvea 
of tin** surface or plaque on which the radium salt is distributed. This 
factor is one of great importance, as considerable difference in the method 
used occurs, depending on whether one is using a small tula* containing 
ten milligrams of pure radium, or whether the ten milligrams is spread 
out on a surface of sixteen square centimeters and has its activity lessened 
by being mixed in various proportions with inert barium salts. 

So far there is no fixed standard of measurement, and, in using the 
various apparatus us they are prepared at presenl, it. is better to simply 
say one is using a tube of a certain amount of radium, or a plaque of a 
certain size covered with radium of a known rad inactivity. 

Dosage of the Emanation. — One can now make use of the emanation 
from radium in several ways. If one has a sutlieient. quantity of a radium 
salt in solution, the emanation eau Ik* collected over mercury, in her- 
metically sealed containers, and used like radium itself during the few 
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days it retains its radioactivity. It may also be dissolved in water and 
taken into the alimentary tract, whence it is absorbed into the blood 
stream. By inhalation also it may be absorbed. The patient, placed in 
an air-tight chamber into which the emanation is passed, breathes in the 
radioactive gas. By the injection of minute quantities of radium into the 
tissues a radioactive focus can be formed, which continually gives off the 
emanation. We are indebted to Dr. Wickham for this method. The dose 
is one to ten micrograms of radium. Five to ten injections are given 
during ten to twenty days. 

Radiferous mud, which is what remains of uranium ore after the ex- 
traction of pure uranium, is also used, as well as the natural mineral 
muds. These are very weakly radioactive, and what activity there is is 
produced more by actinium than by radium. It has been found that 
these muds really act through the liberation of the emanation into the 
atmosphere and this is then inspired by the patient. Baths of radio- 
active waters act in the same way. 

In this connection certain terms are employed which it may be well 
to explain. The committee on International Radium Standards have de- 
fined as a “Curie” the quantity of radium emanation in equilibrium with 
one gram of radium. Its subdivisions are the Millicurie and the Micro- 
curie, the quantities of emanation corresponding to one milligram and one 
microgram of radium. The Mache Unit expresses the concentration of 
radium emanation and is defined as the saturation ionization current due 
to the radium emanation from a liter of solution or gas expressed in elec- 
trostatic units multiplied by 1,000. One Machd Unit = 4.5 X 10' 10 Curie. 

The Use of Radium Ions. — One other way of using radium must be 
mentioned, although it has not developed fully enough, as yet, to enable 
one to judge of its ultimate results. This is the introduction into the 
tissues of the radium ion in the same way that other salts, such as those 
of zinc and copper, have been used. A continuous electric current of 10 
milliamperes is employed. A compress of linen saturated with a solution 
of radium bromid containing 10 micrograms of the salt per c. c. is placed 
over the diseased area and covered with the positive pole. The negative 
pole is placed on the other side of the tissues. The current is allowed to 
pass for half an hour and the radium is introduced into the flesh, where, 
without the least injury to the skin, it has been found acting at a depth 
of 5 to 9 centimeters. 

The radium accumulates in considerable quantities, and may remain 
in situ for fifteen days without causing any damage to the healthy cellu- 
lar elements. Clinically, as has been mentioned, this method is in its 
infancy. At the time of writing a case of sarcoma was reported as being 
greatly reduced. It is a method which would appear to have great possi- 
bilities before it, provided a too strong solution of radium is not required, 
when the question of expense would naturally arise. 
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USE OF RADIUM IN THERAPEUTICS 

I T ISTOI.Otl IOAT* (’iIANUKK I N1UTK1) BV IvAIMUM 

Having discussed I hi* nature of radium and tin* energy to which it 
gives rise, together with the methods we have id' making use of this 
energy, we now pass on to a consideration of the u«* of radium in thera- 
peutics, but, before doing so, it may he profitable to investigate tin* way 
in which the tissues are affected histologically by radium, so that the* 
nature of the radium renet ion may he better understood. 

This reaction varies considerably, depending on tin* nature of the 
rays used and the length of exposure given, so that, on the one hand, we 
can produce destruction, with subsequent inflammatory reaction, and, 
on the other, wo gauge the apparatus and time of exposure that wo may ob- 
tain what Wickham has called "selective action,’* the word "selective” 
meaning simply that special pathological cells have an inferior resistance 
to the radium rays. This latter action is what, in the majority of cases, 
it is desirable to obtain, but, owing to the fact that radium reaction was 
first discovered by Hccqucrcl from a severe burn which resulted on liis 
abdomen after carrying a tube of radium in his waistcoat pocket, the 
common view is, that all radium can do is t<» produce a burn, like many 
other caustic agents. This destructive action is, however, important also, 
as many conditions can he treated by this means which do not respond 
to selective action. As a rule, probably a combination of tin* two types of 
reaction is most suitable, as in this way tin* time element, often of great 
importance, can be greatly shortened. 

Dominiei and Hurcut have made extensive investigation* on the his- 
tology of the reaction, and, as this work is regarded as authoritative and 
has been freely quoted in the few text-hooks on radium extant, we can- 
not do better than make use of tin* article in question, which was pub- 
lished in the Archives dr# Maladies du l 1 tear, des I’aissau.v, el du Sang. 
After exposure to a varnish apparatus of oU0,tM)0 activity for ten applica- 
tions of five minutes each, the skin of a guinea pig is found to become 
red in ten days. In twenty a slight ulceration develops and a crust forms 
over it. This falls off after about live weeks, leaving white skin without 
hair or pigment. Histologically then* is an hypertrophy of the epidermal 
cells with edema; the epidermis is subsequently detached and the hair 
follicles, sebaceous and sweat glands undergo atrophy and art* not re- 
formed, though tin* epidermis is. Tn the curium, also, changes are to be 
observed, for the connective tissue bundles and elastic fibers have dis- 
appeared almost entirely and their places art* taken by an embryonic 
form of connective tissue resulting from a multiplication of the fixed 
cells. These* cells line the walls of cavities filled with red and white 
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corpuscles, and, in fact, are endothelial cells lining the small vessels 
which have been transformed into embryonic capillaries. These latter 
extend by budding, and eventually form a vascular connective tissue, 
which has been produced without ordinary inflammatory reaction. The 
cellular elements predominate over the vascular, and in further develop- 
ment the capillaries are practically occluded, so that there results “a sort 
of flat, fibrous tissue, the fixed cells of which preserve in many particu- 
lars a conformation similar to that of the myxomatous tissue. Thus the 
final cicatrix is gradually produced, a cicatrix having neither the structure 
of the corium of normal skin nor that of post-inflammatory sclerotic tis- 
sue. Its texture differs from that of the corium of normal skin, the newly 
formed connective-tissue bundles and the cells which separate them being 
regularly superimposed and forming lines parallel to the surface of the 
body. This arrangement differs from that of the adult corium of the 
regular type, which is a collection of connective-tissue bundles, crossing 
one another in every direction, and forming a boundary to fissures, in 
which are placed sparse fixed cells having an uncertain direction. The 
structure of the cicatrix differs from that of the sclerotic post-inflamma- 
tory tissue by its regularity, its uniformity, the absence of fibroid peri- 
vascular rings and of vascular obliteration. It is composed of connective- 
tissue bundles separated by elongated fibroblasts. The fibroblasts and 
connective-tissue bundles are parallel, both to each other and to the 
surface of the skin. The fixed cells become rarefied six or seven months 
after the beginning of the experiment; their substance and nucleus grow 
smooth, while their chromoplasm disappears, becoming changed into 
hyaloplasm ; the anastomoses which unite them cease to be visible and the 
connective-tissue bundles separating the layers of fibroblasts thicken, while 
the elastic fibers reappear in increasing proportions, those portions of 
the derma which have been subjected to the influence of radium being 
differentiated from those not affected by it by the alteration and regular 
direction of the connective-tissue bundles and fibroblasts. Their texture 
is analogous to that of a flat fibroma with connective-tissue bundles and 
stratified cells arranged in a regular manner.” 

“Action of Radium on the Histological Process of Inflammation and of 
Connective-Tissue and Epithelial Tumors 

“Radium rays are capable of modifying diseased as well as healthy 
skin. It is for this reason that experimental cutaneous tuberculosis of 
the guinea pig, certain atypical sarcomata of the human skin, and also 
epitheliomata, can be healed by means of complete transformation of sar- 
comatous tissue into tissue of a fibrous nature. 

“Experimental Cutaneous Tuberculosis. — The action of radium on 
cutaneous tuberculosis is characterized by three phenomena, viz. : 
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“1. Diminution of the Ample inllummalory peril ubereulous reaction 
(disappearance of the accumulation ot the polynuelcars o{ macro phagocy- 
tosis, transformation of lymphatic <*ells into phisinu cells, and development 
of nodules possessing a lymphoid structure). 

" 3 , Organization *»f tin* vascular connective-tissue stroma, which 
was the seat of this simple inflammatory process. 

“I>. Extension of this process to the tuberculous follicles themselves, 
the epithelioid cells of which lose their globular conformation, elongating 
and anastomosing in a network of fixed cells of embryonic type. 

“Ah a result of this the epithelioid tissue of the tubercles is changed 
— at least in part— -into embryonic myxomatous ti<>ue. 'Flu* cure is com- 
pleted by the transformation of myxomatous into sclerotic tissue having a 
texture identical with that of a pure fibroma. 

“Sarcomata. — The retrogression of atypical sarcomata takes place — 
at least in some instances — according to the law which we have just 
formulated. The size of the body and of the nucleus of its enormous 
cells gradually decreases. As they shrink the neoplastic elements elongate, 
the contours of their nuclei become regular, and they finally assume the 
form of large embryonic cornice! ive-t issue cells, aiiaAnmoMug in a cell 
mass similar to 1 hut of the myxomata. The resemblance is the more strik- 
ing as they are surrounded hv myxoid tissue, in which connective-! issue 
fibrils are gradually developed. 'Fla* tissue of the sarcoma D thus trans- 
formed into myxomatous tissue, which ultimately changes into tissue re- 
sembling that of a fibroma. 

“Epitheliomata. — ITuler flu* influence of the radium rays, the cells 
of cancroids of the skin or of the mucocutaneous regions ( I lit* lips) 
gradually diminish in size. This atrophy corresponds, not to the met a** 
luorphosis of these* definitely formed elements, hut to their destruction. 
The epilheliomatous cells disappear, either hv means of a progressive 
absorption of their protoplasm and nuclei, or hv a sort of granular dis- 
sociation of tht* two parts forming the cell. During this time tin* inflam- 
matory processes which accompany the development of every epithelial 
tumor are arrested, while tin* vascular connective-tissue is organized ac- 
cording to the method which has just been described." 

The action of radium on the liver was .studied histologically by 
Mills. An apparatus of HOO.OOt) activity was used, so screened as to 
cut. off the Alpha and I let a rays. Exposures of thirty minutes were given. 
The results wen* that within one hour of the exposure an appearance oc- 
curred in the hepatic cells, resembling “cloudy swelling.’* Subsequently 
an inflammatory reaction, which lasted only a few days, took place, and 
this was followed in about two weeks by a later inflammatory reaction, 
confined to the connective-tissue elements and consisting of an infiltra- 
tion with lymphocytes, a tew polymorphonuclear leukocytes, and lixed 
connect ive-t issue cells. 
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In regard to the cutaneous reaction, it is occasionally found that when 
destructive and not selective action alone is used there may result in the 
scar telangiectases or pigmentation. In a large majority of cases this 
causes no particular anxiety, hut when treatment has been undertaken 
for some cosmetic reason, such as the removal of a small nevus or keloid, 
it is important to avoid anything which would detract from the result. 
The secondary rays of Sagnac, caused by the passage of Gamma rays 
through metal screens, often seem to he the cause. This can be prevented 
by using screens of paper over the metal. 

Therapeutics 

As Sir Malcolm Morris has aptly expressed it, the history of radium 
therapy might well be divided into two periods — “before Wickham” and 
“after Wickham.” It is true that to Dr. Wickham the medical world 
owes a scientific, impartial investigation into the action and method of 
applying radium. As director of the Radium Institute in Paris he has 
had great opportunity to prove or disprove the reports of other observers, 
so that what he says can be taken as established. Erom the results of his 
work, which has been corroborated by others, it can easily be seen that 
in radium the profession possesses an agent which, if properly controlled, 
can be of inestimable benefit in many conditions, both malignant and 
non-malignant. It is no panacea, as some claimed at first, for all malig- 
nant growths, and, as yet, in fact, the limitations of its powers are not 
fully known. Much, however, has been established, and we believe that 
we may confidently expect the sphere of its usefulness to increase rather 
than tho reverse. 

Like all new agents, radium has been used experimentally in a great 
number of conditions, and with excellent results in a large number of 
cases. In the treatment of new growths and in dermatological practice 
its widest field of usefulness has as yet been manifested, although recent 
literature would point to the beneficial use of the emanation in many 
conditions of metabolism, such as gout and chronic rheumatism. 

Gout , Rheumatism , and Allied Affections 

The use of radium in internal medicine is still very much in the ex- 
perimental stage, but very definite results have been obtained in the 
treatment of those painful conditions whose etiology is as yet so indefinite, 
but which are commonly spoken of as due to chronic gout or rheumatism 
and are associated with the so-called “uric acid diathesis.” Experiment- 
ally it has been shown that the dissolution products of radium emanations 
are able to render monosodium urate -more soluble by decomposing it into 



472 


RADIUM THERAPY 


carbonic acid and ammonia, and where artificial tophi have been pro- 
duced in animals, which have subsequently been confined in a chamber 
exposed to radium emanations, histological studies have shown that the 
emanations almost, entirely prevent the reactive leukocytic infiltrations 
and that the monosodium urate is rendered much more soluble. 

The subject of the use of radioactive substances in this connection 
is a very large one, for it has been found that many of the waters from 
certain springs famed abroad for their great benefit in many diseases 
of metabolism arc radioactive, and the inference is drawn that the bene- 
fits derived from the drinking of and bathing in these waters have been 
due to the presence of radioactive matter. The radioactivity is present in 
the form of the emanation, which, as we have seen, is a gas, and which 
soon passes off after the water is removed from its source. This appar- 
ently accounts for the loss satisfactory results which follow the use of 
the same waters after being bottled and transported to various points. 

When radioactive matter has been added to indifferent waters they 
become therapeutically active, and Ibis lias led to the employment of 
various devices for the use of the emanation from radium itself. At 
.Toachimstlial, where the great, radium mine is situated, Gottlieb noticed 
marked results among (lie minors working among the pitchblende. Many 
other clinicians have recorded similar observations, which have been thus 
summarized by William Armstrong, of Buxton: 

1. Greatly increased diuresis and excretion of uric acid. 

2. Largely increased carbonic acid exhalation. 

3. Lowered blood pressure. 

4. Decreased blood viscosity. 

5. Increased activity of peptonizing and diastatic ferments. 

0. Enhanced autolysis. 

7 . Prevention of the transformation of the easily soluble 1 lacthnurate 
(mononatrimimrate) into the less soluble lactimurato. 

8. Marked solvent, action oil gouty deposits. 

9. Excretion of uric acid took place as promptly in gouty patients 
as in healthy individuals, overcoming the special difficulties of the gouty,' 
namely : 

(a) Retardation of purin body metabolism. 

(b) The slowing of the formation and of the breaking down of 
the uric acid. 

(c) The alteration in the mutual relation of the two processes. 

10. The dissociation of uric acid and its salts into carbon dioxid 
and ammonia. 

11. Inhibition of inflammation and relief of pains in rheumatism. 

12. Increase in sexual vitality. 

13. Considerable influence over sympathetic nerve affections, such 
as neurasthenia and allied conditions. 
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14. Marked results in diabetes, albuminuria, and glycosuria. 

In gout, according to ITis, the most striking results are obtained, due 
to the chemical reaction induced by the radium. It is most important, 
therefore, from the standpoint of prognosis that one should be quite cer- 
tain that one is dealing with a case of gout and not of chronic rheumatism, 
where the results are not so good. This, of course, is not always an easy 
matter. Hor must one expect miracles to be wrought and think that a 
joint in which anatomical changes of a severe nature have occurred can 
be restored to normal. While using this treatment one must not neglect 
the important hygienic and dietetic procedures of such great value in these 
conditions. 

In the treatment of these affections the greatest benefit has been de- 
rived from the use of the emanation, which is a gas, and can be taken 
into the body with the inspired air, or absorbed from the digestive tract. 
In using baths the emanation passes out into the air and is breathed. It 
cannot pass through the skin of the "body. This gas is excreted through 
the kidneys and through the lungs. It can easily be seen that in the 
form of baths the patient only receives emanation while he is in the hath, 
or the room where the radioactive water is exposed. On the other hand, 
when taken into the alimentary canal there is a slow absorption of the 
gas, and one dose provides emanation sufficient for three or four hours. 
It has been found that when the patient has been given from three to five 
doses during the day, the emanation can he detected in the expired air 
at any time. 

Eor the nse of radium emanation at home various devices (known as 
“emanatores”) have been constructed. The principle of the apparatus is 
very simple. There is a large flask containing radium in solution. Air 
which is passed over this becomes laden with the gas, and is then inhaled 
by the patient. 

When used in any of these forms the action is a general one. Eor the 
local use of the emanations injections of radium salts into the neighbor- 
hood of the joints affected have been utilized. Thus a local focus is 
created from which the gas is continually being given off for some time. 

Dermatological Practice 

There is a very large field of usefulness for radioactive substances in 
the treatment of many diseases of the skin. Radiation as produced by 
X-rays has, of course, been used with very good effect for years, but the 
introduction of the newer bodies, and the ease with which they can be 
bandied, has given us therapeutic agents which are of inestimable value. 

Radium has been chiefly used, but recently salts of thorium, of much 
less activity, have been reported to give results, and various synthetic 
radioactive products have also been described. As it is radium with 
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which we are concerned here, and as the literature is more extensive 
in regard to it, we shall onl t y describe methods and results obtained from 
its use. 

Eor convenience one may roughly classify the various conditions of 
the skin in which the use of radium is of service into: 

1. What the French call “Dermatoses, 55 a term which includes 
eczema, psoriasis, pruritus, etc. 

2 . Inflammatory and parasitic conditions such as acne vulgaris, ring- 
worm, sycosis, lupus vulgaris. 

fl. The vascular new growths — mvvi and angiomata. 

4 -. Other new growths, benign and malignant, such as warts, moles, 
keloids, rodent ulcer, epithelioma, sarcoma. 

Analgesic Action of Radium. — Owing to the analgesic and dccongcstive 
properties of radium its beneficial effect is very marked in pruritus ani, 
and considerable relief is also given in pruritus vulvas and pruritus of 
the scrotum. The obstinate resistance of many cases of pruritus to all 
ordinary methods of treatment is well known, but radium has given 
extraordinary results, the improvement in some instances being apparently 
permanent. Tlio intolerable itching ceases within one or two days after 
irradiation, and Wickham and Degrais report two cases in which cure has 
persisted twelve and fifteen months, respectively; Barcat, one which has 
been without recurrence for three years, and two which have, remained 
cured for one year and eight months, respectively. We can also report good 
results from flic radiferous pomade in pruritus ani. 

The analgesic action of radium also influences the severe pain which 
is often associated with herpes zoster. In such cases heavily screened 
plaques, applied for many hours in succession, are used to influence the 
deep branches of the nerve, whilst slightly screened plaques, applied for 
shorter periods, produce the desired effect on the superficial terminations 
of the nerve. Many eases are reported in which great relief was ex- 
perienced within a few days after this treatment. 

Eczema. — Chronic eczemas can he relieved after all other methods 
have failed by short, applications of plaques or toiles of low activity. It, is 
in these conditions that the toile has its greatest Add of usefulness, for a 
whole limb or portion of it. may he wrapped up for a few minutes. Other 
treatments, both local and constitutional, must not be lost sight of at the 
same time. One of the first results is usually the relief from the intoler- 
able itching which accompanies these conditions. Bavet reports 41 out 
of 4-2 cases successfully treated. In acute eczemas slight exposures arc 
also of great service when there is a tendency to recurrence. Five-minute 
applications of an unscreened plaque are sufficient, and these can be 
repeated as necessary. 

In the case illustrated an apparatus of large surface and with an 
activity of 600,000 was used, with a very feeble filtration. The apparatus 
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. Fig. 2. 

Eczema op the Arms. Before Treatment. Appearance Two Weeks Later. 

(Collection of Wickham and Degrais.) 


was left in contact with the surface from one to three minutes. The next 
day and the day after the same apparatus was used, then followed an 
interval of non-treatment for eight days. In this way twenty-seven min- 
utes were given, and in the course of two weeks more the skin returned 
to a normal condition. 

Psoriasis. — Psoriasis has been very successfully treated by radium, 
either alone or in combination with other methods of treatment, and in 
some cases it may succeed where the X-rays have proved ineffectual. In 
dealing with obstinate patches the most suitable form of apparatus is the 
naked plaque, applied for short periods at a time. The scales are gen- 
erally loosened, and fall off in from eight to ten days, the slight residual 
stain rapidly disappearing. When the eruption is on the face a thin 
aluminium screen should be used in order to prevent pigmentation. As 
a rule, radium therapy is indicated- in the forms of psoriasis associated 
with pruritus. In some cases very weak doses may relieve this symptom, 
and antipruriginous treatment may therefore he beneficial even in the 
most extensive cases. Retrogression and finally complete disappearance 
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of the eruption may be expected in from six to eight weeks after the 
commencement, of the applications, but unfortunately with this, as with 
all known methods <>f treatment of psoriasis recurrence is \ cry likely to 
take place. In spite of this, In»\ve\er, the great relief afforded l>y even a 
temporary cessation of the intolerable pruritus and irritation render the 
treatment justifiable in every case of psoriasis. 

Acne Rosacea. — This condition, which causes great disfigurement, 
usually affects the nose, chili, and cheeks, and in dealing with it radium 
therapy is very often efficacious and gives permanent results, these results 
being evidently and preeminently due to the deeongestive action of ra- 
dium. It is not infrequent for obstinate cases of the disease, which have 
proved refractory to all other measures, to he cured after exposure to Ihe 
radium rays for a short period. Owing to the fact that the eruption 
usually appears on the face the greatest, care should be taken to avoid 
residual disfigurement. With this object the plaque should he covered 
with a light aluminium screen, and from five to ten sheets of black paper; 
the exposures should bo of short duration, ami the applications should not 
he gi\ou too frequently. It is well to employ in some cases doses of suf- 
lieicut strength to produce* an erythematous or orythomalo-pityriasis re- 
action. In spite of the temporary accentuation of the redness, due to this 
reaction, the acneit’orm eruption rapidly retrogresses, and on the cessa- 
tion of the reaction the area appears deeoiigested and normal. Tt. is only 
in rare cases that the result, is not successful, and in the majority of in- 
stances tho beneficial effects are fairly permanent. 

Hypertrophic, rosacea or rhinophyma, which may he found unasso- 
ciatcd. with acne of the rest of the fact*, is a permanent hypertrophy, the 
nose is bulbous and the affected parts are irregularly niammi Hated and 
covered with blood vessels. This condition, which hitherto was only 
amenable to mechanical measures, can now he treated successfully with 
radium. 

Granulosis Rubra Nasi. — This condition, which is characterized by 
diffuse congestion of the extremity of the nose, is extremely refractory to 
treatment, but Barcat, re] torts excellent results in two cases from the em- 
ployment of radium. Tn both eases after tlm first application of tho rays, 
which lasted for half an hour, there was a temporary reaction, but the 
favorable results wore very obvious in six weeks and two weeks, respect- 
ively, subsequent treatment producing a complete cure. 

Acne Vulgaris and Acne Keloid. — Chronic eases of acne vulgaris, 
particularly those associated with considerable scarring, may bo treated 
in a similar way with good results. 

Acne keloid is usually situated on ihe nape of the neck, and the diffi- 
culty of permanent cure of these tumors by surgical operations is recog- 
nized liy all surgeons. As a rule 1 , recurrence takes place, the tumor fre- 
quently being more \olmninoiis than that removed by operation. Elec- 
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trolysis and scarification are successful in a few cases, but very prolonged 
and painful treatment is invariably required. Radium applied by means 
of plaques, appears to be particularly appropriate to the treatment of ob- 
stinate cases of keloid acne. This fact is attributed by Wickham and 
Degrais to the special receptivity of the keloid tissue and to the influ- 
ence of radium on the pilo-sebaeeous glands. It produces immediate de- 
struction of the hair and glands, and thus prevents recurrence of the 
keloid tumor. In their latest publication they state that they have treated 
some hundreds of cases in this way, with more or less marked improve- 
ment in every instance, and in the majority of cases complete disappear- 
ance of the tumor. Recent keloids sometimes disappear in from six weeks 
to two months. 

Although some of these cases are of long standing, there has not been 
a single recurrence, which is the more remarkable when one takes into 
consideration the fact that such tumors almost invariably recur when 
treated in any other manner. In a few cases they have combined radia- 
tion with surgical extirpation, and they report one case in which a tumor 
had recurred four times after operation, but after the fifth operation, 
which was followed by radiation, there has been no recurrence, although 
the ease is of several years’ standing. 

Lupus Erythematosus. — Radium therapy constitutes a comparatively 
new departure in the treatment of this obstinate skin affection, and it fre- 
quently proves successful when other methods have failed. In this con- 
dition, as in lupus vulgaris, Wickham and Degrais recommend fairly 
large doses, and that in all cases the applications should include from two 
to three millimeters of tissue outside the apparent limit of the lesions, 
in order to obviate as far as possible the possibility of recurrence. A 
combination of radiation with other forms of treatment usually gives the 
best results, although several cases are reported which were cured by 
radium alone. Wickham and Degrais have had good results from the 
injection of radium bromidoin one case, hut this appears to be an iso- 
lated instance. 

Barcat recommends that in cases with but slight infiltration much 
stronger doses should he employed. In his experience radiation has re- 
sulted in improvement in all instances, and in complete success in many 
cases. 

Parasitic Diseases of the Skin. — These include sycosis of the heard, 
and ringworm of the scalp. Sycosis represents a localized folliculitis 
affecting the heard or moustache, and due to the presence of staphylococci 
in the pilous follicles. Both the X-rays and radium are beneficial in this 
condition, as well as in ringworm of the scalp, the lesions disappearing 
within two or three weeks after the commencement of radiation. Only 
short applications of unscreened plaques are required. If sycosis lias 
reached the stage of deep involvement of the cutis, together with hyper- 
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trophic dermatitis, it is necessary to obtain dopilation by means of the 
ultra-penetrating rays, care being taken not to destroy the hair follicles 
permanently or to produce sclerosis of the skin. 

Lupus Vulgaris. — Radium was first employed in the treatment of 
lupus by Dr. L Hmlos. Wickham suid Degrnis report two cast's in which 
excellent results were obtained from the use of radium alone. 

Experience indicates that the rays have no elective action in this class 
of case. They recommend the employment of suthciently large doses of 
radium to produce a certain amount of destruction, with protection of the 
neighboring healthy tissue, and believe that when used in this way radium 
represents a most important adjunct in the treatment of lupus, although 
it cannot be depended upon to definitely and permanently cure all cases, 
or to invariably prevent recurrence. 

The advantages of radium as compared with other methods of treat- 
ment, arc that the treatment is not so prolonged, and does not entail so 
much inconvenience to the patient, and that it is <dTect.miL in cases in which 
the lesion is inaccessible to other methods, for instance, inside the nose. 
It is also of importance that the residual scar is much loss disfiguring 
from a cosmetic point of view. 

The ease illustrated (Fig. 3) shows very well what can he ex- 
pected from radium treatment in this condition. The disease in this pa- 
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Lupus Vulgaris. 


tient was of ten years duration. It began on the mucous membrane of the 
left nostril and gradually spread. When first seen she presented a most 
distressing appearance, the nostrils being covered with large, unhealthy 
granulations. There was a free foul discharge from the nose and several 
nodules had recently appeared on the left cheek. V cry heavy destructive 
doses of radium were employed, and as a result the diseased tissue lias 
been removed and the nostrils now present a healed margin. The disease 
present inside the nasal cavity was treated by radium tubes, which were 
inserted into the nostrils. On the cheek the nodules present have cica- 
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trized. This patient had had all kinds of treatment such as cauterization, 
electrolysis, X-ray. The result obtained by the use of radium is regarded 
as most satisfactory. 

Hypertrichosis. — Radium rays properly used will destroy the hair 
follicles and remove the excessive growth of hair sometimes so disfiguring 
to a woman. By using a light lead screen covered with paper, one can 
frequently destroy the hairs without producing any marked irritation to 
the skin. Exposure to the harder rays, as one would get in this case, may 
be as long as two or three hours, and should not be repeated before twelve 
or fourteen days — to see what reaction takes place. By shorter exposures 
to the naked plaques the hairs are also removed, but here more irritation 
is produced and pigmentation may sometimes take place afterward. For 
its ease of application, both to the patient and the physician, in these 
conditions, radium excels other methods of treatment. 

Angiomata and Nsevi. — These conditions offer themselves very readily 
for radium treatment, and the result is, in a large majority of cases, most 
satisfactory from an esthetic standpoint. The duration and strength of 



Angioma Before Treatment. Appearance Three Months Later. 

(Author’s Collection.) 

the applications vary considerably with the local lesion. In a superficial 
port-wine stain our efforts should be directed toward producing a gradual 
fading with practically no visible reaction. By doing this subsequent 
telangiectases and white depressed scars are avoided. The best results 
have been obtained with plaques or toiles of an activity from 50,000 to 
100,000 lightly screened with 1-10 mm. of aluminium, this again being 
covered with eight or ten sheets of black paper, to cut off the secondary 
rays of Sagnac. Each individual case must he experimented with at first 
to see just how long an application can he given. Probably three hours 
divided into three sittings of one hour each will be found sufficient to 
produce, in the course of four or five weeks, a very slight superficial 
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desquamation. Further applications can subsequently bo made, bearing in 
mind tlio fact that tissues once radiated arc more sensitive to subsequent 
applications, so that, so long an application will not be necessary for 
further treatments. The effect in these cases often extends over some 
months, so that gradual fading may he looked for even after reaction has 
ceased. The whole treatment may last two or three years, as the watch- 
word must he not to hurry for fear of subsequent ill effects. 

When the condition is more vascular and forms a moderately raised 
angiomatous tumor, different methods can be used. In this group pulsa- 
tile angiomas are not included, but those in which there is a fairly largo 
amount of fibrous tissue, so that the tumor is linn to the touch. Here 
stronger destructive action may he best employed, using uniiltered rays 
and making exposures of three or four hours. I »y using filters and in- 
creasing the duration of application the same result, may be obtained with- 
out. so much reaction. Here also the “cross-lire" method may he employed 
to advantage* if there is a large enough mass, apparatus being placed on 
opposite sides of the tumor, inundating it with rays. From a cosmetic 
standpoint the results in these eases are often not ideal, as some evidence 
of the blemish usually remains, which, however, in comparison with the 
former disfigurement can be practically disregarded. 

Again, the individual factor plays a large part, and an apparently 
similar condition in one patient will give a much better result than it will 
in another. Hero again, as so often occurs in the case of rodent ulcers, 
the results with radium are found to be not so good if previous electrical 
treatment has been used, resulting in the formation of scar tissue. 

A third group of these lesions comprises the softer vascular and pulsa- 
tile angiomata occurring on the skin or mucous membrane. .In all these 
destructive action must he avoided, as there is considerable danger of 
producing hemorrhage. With these conditions others belonging to the 
two previous groups are often found, so that a combined lesion is present 
of which the individual factors must each receive its appropriate treat- 
ment. It is in those conditions that Wickham and Dcgruis have had 
the greatest success with the “eross-lire” method. Fairly strong plaques 
lightly screened with 1-10 mm. of aluminium, and applied for five or six 
hours in divided closes of one hour each, every other day, would consti- 
tute sufficient dosage for Ihe first series. Depending on the result from 
this one can gage whether more or less should subsequently be given. 

The case illustrated is one which combines all features of the angiomata. The 
skin was of a deep purple-rod, studded as can be seen with tubercles. There was 
considerable involvement of the lip, extending through to the mucous membrane. 
On pressure the blood could be driven out to a certain extent but not entirely. 
None of the tumors pulsated. It was one of my early cases, and the patient had 
come a considerable distance, and lmd only a limited time at his disposal. We 
were both therefore anxious for a quick result, and more radiation was used than 
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one would have been inclined to employ could the dosage have been repeated every 
few weeks. As a result fairly severe reaction took place, which was rather painful 
for a short time, but that it produced results can be seen from the other photograph 
taken about three months later. The nodular appearance is nearly all gone, the 
distorted lip has greatly improved, and the color has faded to a considerable 
extent. Further treatment should of course be given, but the improvement which 
has already taken place is such that the patient is more than satisfied with the 
result. 

Radium in tliese conditions has the advantage over other methods of 
treatment, such as surgery, electrolysis, and X-rays, that it can be so 
easily applied, and that it is practically without pain, two factors of par- 
ticular importance in the case of children. Moreover the subsequent 
appearance is better than can be obtained by other means, the scars being 
hardly distinguishable from the surrounding skin, and not white and 
depressed like those after carbon dioxid snow and other methods. 

Papillomata. — The common wart and other papillomatous growths 
which so frequently, either through irritation or advancing years, take on 
a malignant growth, respond most readily and conveniently to short ex- 
posures of radium rays. When so much stress is being laid, as it is at 
the present, on the proper treatment of any premalignant conditions one 
can see what a field radium therapy has in this connection. 

Senile Keratosis. —This condition is very common in people above the 
age of fifty, and is liable in many cases to degenerate into cancer. Ra- 
dium rays can he applied with facility, and have been found very ef- 
ficacious, the pigmentation disappearing, and the surface becoming com- 
pletely normal in color and consistency in about five or six weeks after 
the application. If cure is not complete a second application may he 
made a month later. In some cases, in which there is a scab of very hard 
consistency, it is advisable to remove this with the curette, and to subse- 
quently apply radium. 

Keloids and Cicatrices. — A distinction must be made between tliese 
two conditions, for the true keloids give much more satisfactory results 
than does simple cicatricial tissue. Wickham claims that the keloid re- 
acts in a selective way to radium, whereas the normal cell is not so acted 
upon. In the keloid we have the choice of two methods of treatment : the 
destructive, using naked plaques and getting a severe superficial reaction, 
or, by the use of screened plaques and longer exposures, producing a 
gradual absorption and disappearance of the deformity without visible 
signs of reaction. In large keloids the “cross-fire” method is often of con- 
siderable service, and it must be remembered tbat tbe periphery of the 
growth should be well influenced, for tbe prolongations often extend 
further than they are visible. Prominent cicatricial tissues not of keloid 
nature, such as are so often seen following a cervical adenitis, can only 
he leveled by causing considerable destructive action. Here the results 
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are not apt to be so satisfactory as in the case of keloids. In {he treat- 
ment of the latter radium can almost be regarded as a specific, when it is 
considered how little amenable they are to other forms of treatment. 

Malignant disease of the skin is discussed on page 4S4 et seq. 

Goiter 

As one of the most striking features of the histological changes pro- 
duced by radium rays is the proliferation of the endothelium of ca- 
pillaries so as to occlude tlieir lumiiia, one might expect that in cer- 
tain conditions of the thyroid gland radium rays would be of service. It 
has boon demonstrated that the X-ray has proved of great value in the 
treatment of hypersecretion of the thyroid, and in such a condition where 
rest and quiet are so necessary, and all excitement should be avoided, the 
ease with which radium can he applied is one deserving tins attention of 
therapeutists. 

Abbe, of New York, some few years ugo reported a case of exophthal- 
mic goiter, in which, by burying the radium tube in the gland, there was 
a marked shrinkage in the size of the thyroid, and a great improvement 
in the general symptoms. Wickham, of Paris, has also reported a case 
of Graves’ Disease, apparently cured by the exposure of tin* gland to the 
strong radiation of plaques — the “cross-fire” method being used. "More 
recently Dawson Turner, of Edinburgh, has reported some cases whore 
the same favorable result was obtained. 

The writer has had a number of oases in his own practice which have 
shown the good effects of the penetrating radium rays in certain conditions 
of the thyroid. Cases of hyperthyroidism have been greatly benefited, 
tlie gland diminishing in size with the* relief of pressure symptoms, and 
the general nervous condition of the patient has most markedly improved. 

Other cases of simple goiter have also shown a similar retrogression. 
The plaques used must be heavily screened in order to avoid superficial 
irritation, and lengthy exposures of one hundred or more hum's given. 

Gynecology 

Apart from the treatment of malignant disease considered elsewhere, 
it would appear that radium has an action which is of great benefit ill 
many other conditions encountered in gynecological practice. This is 
due to several factors. In the first place, the apparatus for applying 
radium and the methods of using it are such that uterine conditions can 
be treated with great facility. For instance, a tube of radium can be 
easily introduced through the os into the cervical canal, or even into 
the body of the uterus- or hy the use of properly screened plaques 
the action of “surponelrant” rays may be obtained upon tlie pelvic or- 
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gans, without any effect on the skin of the abdomen. In the second 
place, the analgesic and hemostatic qualities of radium find a particular 
field of usefulness in gynecological conditions. The matter has been 
investigated chiefly by Drs. Oudin and Verehere, and from the results so 
far obtained they feel justified in claiming for radium a distinctly alter- 
ative and beneficial effect in chronic inflammatory conditions, and a very 
useful hemostatic action in the treatment of uterine fibroids. Using 
ultra-penetrating rays a tube may be left in situ for three to five hours, 
and this dosage may be repeated two or three times a week. 

Other gynecological conditions where radium is of great service are 
urethral caruncle and obstinate pruritus. 

Benign Tumors of the Breast. — The action of the penetrating rays of 
radium on certain benign breast tumors gives excellent results. Adeno- 
mata can be greatly decreased in size, while, in the case of a myxomatous 
tumor which had recurred twice following operation, the decrease in size 
and relief of pain were remarkable. The penetrating rays must be used 
and prolonged exposures given. 

Ophthalmology 

For certain external conditions affecting the eyes and eyelids radium 
has been used with remarkable success. To Drs. Mackenzie Davidson 
and Arnold Lawson we are indebted for the most of our knowledge of its 
results in ophthalmological practice. In applying radium the eye is first 
anesthetized, and the apparatus is so screened that only the harder Beta 
and Gamma rays are allowed to act. Owing to the difficulty of fixing 
the apparatus (in the form of tubes) in place, it is better for the operator 
to hold it in position, and his fingers should be protected by a wrapping 
of thick lead foil. Short applications are desirable for fear of causing 
inflammatory reaction, although this has not been observed even when 
the stipulated time has been exceeded. It is said that slight transient 
pain sometimes follows, but it is never severe. A large proportion of 
patients experience no pain at all. In a case of rodent ulcer affecting the 
lid, Davidson found that a tube of 30 mg. of radium could he applied 
to the inner surface of the lid, and lie in contact with the sclerotic for 
half an hour without producing the slightest ill effect. In general the 
total dosage is regulated by the character of the lesion to he treated, so 
that “one exhibiting a tendency to spread or infiltrate surrounding tissues, 
or marked by any special virulence in its progress, would probably re- 
quire a larger dose than a small, superficial, or non-infiltrating lesion.” 

Spring Catarrh. — In spring catarrh, a very chronic condition and 
very refractory to treatment, probably the most striking results have been 
achieved. The exact dosage cannot he stated, as we must be guided by 
the character of the lesion and the results of treatment. Five-minute 



4-84 


RADIUM THERAPY 


applications of a capsule containing one centigram of radium bromid 
would be sufficient to begin with; this should hardly lx* repeated in less 
than one week. Davidson regards the action of radium in this condition 
as almost, a specific. The scars produced are smooth and supple and do 
not tend to cause deformity from the contraction of the cicatrix. They 
are very bloodless, however, and afler cure the tarsal surface of (he lid is 
quite blanched. 

"When the immediate discomfort, if present, has stopped, the* patient’s 
subjective symptoms are, as a rule, relieved, llu* action of the radium 
producing here, as in many other conditions, an anesthesia of the parts. 

Corneal Ulcers. — When stimulated by radium those luail much more 
rapidly than when not so treated. That, this is a fact, seems to he well 
established by tin* series of eases exhibited by Lawson and Davidson, where 
10 out of 17 improved rapidly after treatment was commenced. In inter- 
stitial keratitis radium has been of benefit, there being much less corneal 
opacity resulting than when it is not used. It has also boon of distinct 
benefit, in cases of recurrent keratitis profunda and recurrent inflamed 
pterygium. Darier in France has been successful in the treatment, of tra- 
choma by iho use of radium. 

Although this is a Held in which comparatively little has boon done, 
still from the knowledge we luivt* it would appear that radium is an agent 
of inestimable value to the ophthalmic surgeon. 

The Trent men t of Mafitjmtnt Disease 

Superficial Epitheliomata of the Skin.- -Under this heading are in- 
eluded rodent ulcer and fungating cutaneous epitheliomata. The rodent 
ulcer is a lesion whore the action of radium can he studied to the best 
advantage, as this condition reacts admirably to radium rays. It is here 
that one sees at its Ixtst what Wickham has called the “selective” action 
of radium. By using short applications of unscreened apparatus the 
ulcer will, in the course of ton days to two weeks, crust over, and after 
the crust has been removed the skin beenath is found to ho healed over 
and a very smooth, lton-depressod scar is left, which, in a short time, can 
hardly he distinguished from the normal skin, lu very small ulcers this 
change can occur with practically no inflammatory reaction. In larger 
and deeper ulcers the same change can be brought, about in the same 
way, but here tile process, if treated without reaction, takes much longer, 
and when time is an important factor, as it. often is to patients coming 
from a distance, it is better to use stronger doses, producing a destructive 
action. 

It is a difficult matter for one to formulate set rules in regard to the 
length of exposure. Jt varies so much with the exact local condition, 
and the factor of the individual lias to ho considered as in any other 
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branch of medicine, for one very seldom finds two persons who react in 
the same way. The plaque is the best form in which to employ the 
radium for this condition, using one of 100,000 activity, containing four 
milligrams of radium, and giving exposures of one hour each on four 
successive days. It is always well to use a plaque slightly larger than 
the area of the ulcer, as any outlying foci which have not as yet declared 
themselves may be destroyed. In many such cases one series will be suffi- 
cient, and after the scab has fallen off the skin will be found healed. 
During the time of the formation of the scab, and while it is present, no 
treatment is, in the majority of cases, necessary. Leave the scab alone 
and let it detach itself when ready. If, however, as sometimes happens 
there is some suppuration under it, mild antiseptics, such as boracic acid 
compresses, may be applied. 

If, after the removal of the scab, the tissues seem thickened beneath 
the skin, longer applications, screening the plaque "with light lead screens 
one or two-tenths of a millimeter in thickness, are given. 


Fig 5 

Rodent Ulcer Before Treatment. Appearance Seven Weeks Later. 

(Author’s Collection.) 

One other point to he remembered in treating rodent nicer is that 
practically all observers report that where X-rays have previously been 
used the radium rays do not seem to exert their action so quickly and 
therefore healing is longer delayed. This can doubtless he explained by 
the fact that the X-rays, not having the selective action for the cancer cell 
that radium has, damage the normal as well as the pathological cells, so 
that proper reaction and healing do not so quickly take place. 

To illustrate what results may be anticipated in this condition the 
reader is referred to the accompanying photographs of a case of rodent 
nicer involving part of the lower eyelid and the temporomalar region. 
The disease had continued to increase in spite of various treatments, in- 
cluding X-rays. With applications of radium the ulcer soon cicatrized 
and the second photograph shows the result seven weeks after treatment 
was commenced. 

Fungating epUheliomaia , like rodent ulcers, offer themselves readily 
for radium treatment. Two methods may he used, depending on the ex- 
33 a 




486 


RADIUM THERAPY 


igencies of the case and the convenience of the patient and the physician. 
The case may he treated by radium alone, or a large portion of the fun- 
gating mass may be curetted anti radium applied to promote the healing 
of the large ulcer remaining. The latter of these methods has the im- 
portant advantage that considerable time is saved. The vegetations can 
in almost all cases be removed under a local anesthetic, and after forty- 
eight hours the radium plaques can be applied. The dose given should 
be heavy so as to destroy all neoplastic cells in the base and edges of the 
ulcer. In cases from out of town it is better to give a very heavy dosage 
so that the patient will not have to return for about six weeks. When the 
patient can be kept under observation and seen every few days, a less 
severe reaction may be induced. 

Using heavy filters and obtaining what Wickham calls the “surpene- 
trant” radiation is an excellent way of treating these cases. Tlie diseased 
tissues are situated more deeply than those of the rodent ulcers, and, by 



Eig. 6. 

Epithelioma op Skint Before Treatment. Epithelioma op Skin After Treatment. 
(Author's Collection.) 

using the harder penetrating Gamma rays, with long applications of fifty, 
one hundred, or more hours, one can act on these deep tissues without pro- 
ducing too much superficial destruction. The plaques may, in these eases, 
he left in position all night, or even day and night continuously, if con- 
venient. The “cross-fire” method of application is often very serviceable 
here, as one can by this method get a very intensive action on the deeper 
tissues. 

It is most essential, after cicatrization has been effected, that tlie 
patient should be seen every two or three months, so that any suspicious 
thickenings in tlie scar may be appropriately treated by further applica- 
tions. It takes several months for the reaction to completely subside. 
The patients frequently complain of a sense of irritation in tlie sear, and 
there may be slight desquamation for some time. Reliable statistics give 
90 per cent, of cures in tlie treatment of superficial cutaneous epithe- 
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liomata, and the duration of time during which there has been no recur- 
rence extends over the seven or eight years during which radium has 
been used. 

Cancer of the Buccal Mucous Membrane.' — These lesions must be con- 
sidered in a class by themselves, for the reason that they do not react 
in the same way as do carcinomata of the skin, or even of other mucous 
membranes. Experience has taught that here all irritation should be 
avoided as much as possible, and that only filtered rays should be em- 
ployed. Statistics are hard to obtain, hut certainly results are not, as a 
rule, so good in the cancers of this region. Oases where there has been no 
recurrence for two years have been reported by Abbe, Etner, Danlos, and 
others. 

The reasons for the less successful results in this region have been 
ascribed by Dr. Wickham to four causes: 

1. Special sensitiveness of the mucous membrane. 

2. The rapidity of invasion of the lymphatic vessels. 

3. The weight of the thick filters required, which is a source of 
irritation. 

4. The impossibility of leaving such heavy instruments in contact 
with these cancers for a sufficiently long time. 

It has been pointed out by Gaucher that, in using the ordinary caus- 
tics, one has to use extreme caution, owing to the sjDecial sensitiveness of 
the mucous membrane here, and therefore the slightest irritation from 
radium should be avoided. Eor this reason only hard Beta and Gamma 
rays should be employed and long exposures should be given. The diffi- 
culties in effecting this are set forth above by Wickham, and, in addition, 
one might add that to secure a sufficiently heavy “surpenetrant” radiation 
very large quantities of radium are required. On the whole, as the radium 
situation is at present, the surgeon should be asked to remove as much of 
the neoplastic tissue as possible, and applications of radium should be 
made subsequently. In a great many cases, where the patient refuses any 
procedure of a surgical nature, one is quite justified in employing radium 
alone, as a certain number of cases have done well under its influence 
only. 

Cancer of the Lip. — During the early stage, when the tissues are not 
deeply involved and there is no induration or glandular enlargement, the 
writer’s experience has been that radium gives good results in epithelioma 
of the lip. If the growth has extended so as to invade the mucous mem- 
brane of the mouth, it is well to advise surgical measures in addition 
to the use of radium. Best results have been obtained by treating the 
condition like rodent ulcer, using naked plaques for four to six hours, 
sufficient to produce surface reaction, and also using longer applications 
of screened plaques to secure deep action. Wickham and Bayet have 
both reported favorable results, but cases have not been a sufficient length 
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of time under observation to give any final opinion as to tlie end results 
of treatment. 

Cancer of the Tongue. — In undoubted carcinoma of this organ, radium, 
as we employ it at present, cannot be said to be a very effective therapeutic 
agent, but in the treatment of certain conditions which are regarded as 
the precursors of malignancy it has proved effective. Such conditions are 
leukoplakia, and certain indolent ulcers, which are often accompanied by 
a history of specific disease. In leukoplakia, by using plaques so as to 
produce a moderately severe reaction, the normal appearance has, in a 
good many cases, been restored to the parts. 

Cancer of the Breast. — With the exception of the local condition of 
the nipple known as Paget’s disease operative procedures should he sug- 
gested where there are favorable indications for surgical removal. Never- 
theless, radium has a distinct place in the treatment of these conditions, 
for, in cases where, either from the advanced age of the patient or from 
the local condition, operation is contraindicated, it has been established 
that radium may be of great service in the relief of pain, and even in 
apparently arresting the progress of the disease. Thus Wickham and 
Degrais report a case of a patient seventy-two years old with inoperable 
cancer, where the lesions have retrogressed and the patient enjoys good 
health. Bayet has reported cases of recurrence following operation where 
diminution has been obtained and the growth apparently held in check. 
In such cases massive doses should he employed, properly screened to 
prevent skin irritation, and if masses are present radium tubes should he 
inserted directly into them. It is in these conditions that what may he 
called the prophylactic use of radium plays a very large part, as will be 
discussed later. 

Cancer of the Uterus. — Here again, as in carcinoma of the breast, 
operative procedures are always to he recommended, if feasible. In lion- 
operable cases, and as an extra safeguard against recurrence, radiation 
is indicated and lias proved of great service 1 . Fungnting bleeding vegeta- 
tions on the cervix have, by the use of plaques and tubes sufficient to 
cause destruction, been made to disappear, and by tlic lessoning of the 
neoplastic tissues inoperable cases have been rendered operable. Eoul 
and bloody discharges have been diminished and made to cease. The con- 
venient form of radium apparatus allows it to be used very readily in 
these conditions. Tubes, for instance, can be inserted directly into the 
uterine canal, and small plaques may be placed directly against the 
cervix and held in position by a tampon. Fairly heavy doses may be 
given, and the writer has never, as yet, seen had results follow even an 
excessively large dose. For instance, a plaque of 500,000 activity 
screened with two layers of rubber may he placed against vegetations in 
the vault of the vagina and left in place all night — twelve hours — at a 
time, and this can he repeated Iwo or three times a week without produc- 
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ing other than beneficial results, as shown in the decrease of pain and dis- 
charge, and the healing of any raw ulcerated surfaces present. “Cross- 
fire” action may be obtained on the body of the uterus by having a tube 
in the canal and a well-screened plaque externally on the abdomen, or 
another tube may be inserted in the rectum. 

Sarcomata. — As in the case of carcinomata certain types of sarcomata 
are more readily influenced by radium than others. Small, round-celled 
sarcomata and the myeloid form are much more amenable than tumors of 
the spindle-celled variety. A case of giant-celled sarcoma of the lower 



Fig 7. — Sarcoma of the Lower Eyelid, Showing Condition at the Beginning of 
Treatment, at the End of Two Weeks, at the End of Four Weeks, and Disap- 
pearance at the End of Eight Weeks. 

(Collection of Dr. Robert Abbe.) 

jaw was removed seven years ago by Abbe, and there has been no recur- 
rence since. The same writer reports a small round-celled sarcoma of the 
eyelid reduced in the same way. Wickham and Degrais report several 
cases, some of which had recurred after operation, where further growth 
had been checked. Personally the writer has had the best results in small 
ronnd-celled sarcoma. These are best treated, if possible, by making an 
incision into the mass and inserting a tube of radium, inclosed in a cellu- 
loid capsule, directly into the neoplastic tissues. This may be left in 
position from seventy-two to ninety-six hours, or even more. If with this 
one can apply plaques externally, and thus secure a “cross-fire” action, 
so much the better. Depending on the size of the mass other openings 
may he made and tubes inserted so that the growth may he attacked from 
all points. The result may be that a considerable necrosis is produced, 
and there will he a discharge of broken-down tissue through the artificial 
openings for some days. Following this there is a replacement of the 
malignant tissues by embryonic fibrous tissue which finally leaves hard 
fibrous nodules in place of the neoplasm. During the necrotic process, if 
it occurs (as it sometimes does not), there may be some systemic reac- 
tion with a slight elevation of temperature and acceleration of the pulse 
rate. This need not cause any anxiety, as it usually clears up after giving 
some calomel and a saline. Of course the strictest antiseptic precautions 
must be exercised in carrying out the minor surgical procedures neees- 
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8 ary. The use of iujcolions of radium Milts is one of the recent, methods 
tvhicli deserves particular attention in this connection. In this way a per- 
manent center of radioaclivitv can be created, and the Alpha rays which 
form such a large percentage of the total radiation and are lost in the 
other methods used can be utilized. Ry the use of radium ions, also, as 
mentioned in the first portion of this article, I Tarot and "Wickham have 
obtained retrogression in sareomatons tumors. Results are as yet too 
recent and few to make any definite statements as to the value of this pro- 
cedure, hut it would seem (o he a method of grout Her vice. 

The action of radium on small round-celled sarcomata cannot he hot- 
ter depicted than in the accompanying series illustrative of a case treated 
by Dr. Robert Abbe, of New York. The tumor was in n middle-aged 
man, and had progressed for more than a year in spite of Roentgen ray 
treatment. Four applications of one hour each of 20 milligrams of 
radium bromid were made. If began to diminish in size in two weeks, 
and continued to retrogress until in eight, weeks it was gone. There has 
been no recurrence, and in fact there is nothing to distinguish one eye 
from the other. 

Malignant Disease of Other Viscera. — Experimentally radium has 
been used in a large number of conditions, either alone or combined with 
as much surgical procedure as was feasible. While tho results obtained 
can in no sense he regarded as established we introduce some of them bore 
because radium therapy is as yet in its loginning, and .as newer tech- 
niques develop it is altogether likely that the Held of its usefulness will 
become more certain and more extensive. 

In cancer of the bowel, for example, radium tubes have been brought 
into contact with llic diseased area by means of an artificial aims, or 
through the operation wound. Gaultier and Lnhoy introduced radium 
through the orifice left after gastroenterostomy and applied it. to the py- 
lorus, a strong well-screened plaque being at the same time applied to 
the abdomen, so as to secure cross-fire action. The condition of the pa- 
tient improved after tho treatment was commenced, and eighteen months 
later his general health was much better. In rectal conditions it is com- 
paratively easy to introduce tubes, and Wickham reports a ease in which 
a large hemorrhagic and suppurating cancerous mass was reduced to a 
certain extent and the hemorrhage and discharge, were arrested. 

Cancer of the Prostate. — From the work done in Paris by Drs. Pas- 
teau and Degrais it would appear that the treatment of cancer of the 
prostate "by radium offers in many cases splendid results. 

It is well known that the treatment of this condition by total pros- 
tatectomy is very problematical to say llie least, so that any method offer- 
ing hope of a good result is deserving of close attention. 

Radium can he applied in these cases either by surgical or natural 
routes, for instance, by incision through the perineum, or through the 
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bladder after hypogastric incision. The natural routes, however, through 
the rectum or the urethra are more to be considered. By rectal applica- 
tions the whole of the posterior surface of the prostate can be radiated. By 
the urethra, which is the best route of all, radium can practically be in- 
serted directly into the prostatic tissue. A gum elastic catheter coude 
16 or 17 (French) is used. A radium tube containing two to five centi- 
grammes of radium is pushed in as far as the neck of the catheter, so that 
when the latter is inserted, so as to he just within the bladder, the 
radium is situated in the prostatie portion of the urethra. Exposures of 
three or four hours are made in this way every two or three days as the 
patient can tolerate the treatment for five or six applications. Three or 
four weeks later a similar series is given. Pasteau and Degrais report 
cases which, to all clinical evidence, are cures, and others where great 
amelioration was experienced with the suppression of hematuria and 
other distressing symptoms. 


Tiie Position or Radium as a Therapeutic Agkeht 

As is the fate of all new therapeutic measures, the introduction of 
radium was received with extreme enthusiasm on the one hand, and with 
ultra-conservative skepticism on the other. This was chiefly on account 
of the claim of the first observers that radium was an apparent means of 
cure of certain malignant growths. Over its many fields of usefulness in 
other conditions there has been little controversy, and its position as an 
agent of the first importance in dermatology, and in the treatment of 
nsevi and angiomata, is well established. Its use in internal medicine is 
as yet too brief to allow of any arbitrary statements, but it is reasonable 
to suppose from results already recorded that a distinct place awaits it in 
the treatment of many chronic disorders. In the treatment of superficial 
epitheliomata it should be the method of election on account of the pain- 
lessness and simplicity of its application and the uniformly good results, 
many of which have extended back to the time when it was first intro- 
duced. The after cosmetic result is such as can be obtained by no other 
method of treatment. When one comes to malignant disease of other 
parts one must lean to the conservative side, and advise surgical measures 
where such are feasible. It is true tbat there are many well-authenti- 
cated cases reported where good results have been obtained in cancer of the 
breast, sarcomata, etc., but hardly enough as yet to warrant one in advis- 
ing radium therapy alone. This does not mean that radium has no place 
in this connection. On the contrary, it occupies a most important place, 
and one that is daily becoming more recognized as an invaluable one. 
This is the use of radium as a preliminary to surgery, and as a post- 
operative means to prevent recurrence. It has been shown by histological 
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examination that a free use of radium plaques over such a region as the 
breast results in a most striking necrosis of the neoplastic cells, so that its 
use over the whole operation held considerably lessens the malignancy of 
the tissues, which are later to he cut and dissected by the operator. Fol- 
lowing removal the tissues should he again well radiated. For this pur- 
pose a plaque screened with lead should he left hi situ for ten or twelve 
honrs over each point, until the 'whole held is covered, and this process 
repeated every two or three months during the first year, and slightly 
less often during the second and third years. 

With such measures recurrence can in a large number of cases he 
prevented in conditions where the typo of neoplasm has been such that a 
very grave prognosis has been given. In fact, where repeated operations 
have been done for two or even Ihreo recurrences, the use of radium in the 
way described lias prevented further recurrence, which, from the previous 
history, might reasonably have been expected. 

In non-operahlo conditions radium in a large percentage of cases re- 
lieves pain, lessens discharge, and may cause shrinkage of the tumor mass, 
so that even where a cure can not he anticipated such beneficial results 
warrant its use. 

Finally it must he remembered that radium therapy is a very new 
subject, that as yet there is comparatively little radium produced, so that 
the quantities available are small, and that new methods of using it, 
such as by injections and electrolysis, are at present under investigation, 
and give promise of being of great service. When we have larger quan- 
tities at our disposal there is reason to hope that many conditions before 
which we now stand comparatively hopeless should he cured. 



CHAPTER XI 
X-RAY THERAPY 
Sidney Lange 

Radiotherapy, in its broadest sense, comprises any form of radiation 
employed for therapeutic purposes. The X-ray is but one form of radiant 
energy. While the term radiotherapy has been commonly employed to 
signify treatment by X-rays, the term X-ray therapy or Roentgen therapy 
is the more accurate and preferable term. Although this chapter is to be 
confined to a consideration of Roentgen therapy, some fundamental con- 
cepts of radiant energy in general must be included. 


PHYSICAL PRINCIPLES 

Radiation or radiant energy is a form of energy produced by incon- 
ceivably rapid ami regular vibrations of the imponderable substance, 
ether, which permeates space and matter. Depending upon the rate per 
second or frequency of the vibrations, various hinds of radiant energy 
may be differentiated. The physical properties and physiologic action 
of the different forms of radiations vary with their frequency and wave 
lengths. 

These radiant energies may be classified in regular sequence, accord- 
ing to their frequencies. In order to give a tangible explanation of the 
nature and method of production of the various forms of radiations, the 
new conception of matter is essential. If the atom be subdivided into 
its ultimate component parts, units of matter or “corpuscles” (as Thomp- 
son termed them) will result. Each corpuscle has been calculated to 
have a mass of one seventeen-hundredth part of an hydrogen atom. It is 
believed that all matter can be reduced to the same ultimate unit (the 
corpuscle), and that the different elements vary not in essential composi- 
tion, hut only in the number and arrangement of the corpuscles making 
up the atom. Each corpuscle has a negative charge of electricity, and, 
although mutually repellent, they are bound together by the positive 
charge of the atom as a whole. According to accepted theory, the activity 
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r>£ tlie negatively charged corpuscle. (termed “electron” by Stoney) is 
responsible for the production of tli<». various forms of radiant, energy, 
and the diameter of lliis activity determines the* nature of the radiant 
energy produced. This activity of tlu* corpuscles is always vibratory, 
but varies in rate and amplitude, or simply in velocity. The produc- 
tion of Ihe various forms of radiant energy and their relation to the 
more familiar forms of energy can bo illustrated concretely in sequence 
by imagining’ a progressive acceleration of the vibrating corpuscles of 
any atom. When tlio rate reaches '75,000 millions per second, electro- 
magnetic or electrical rays, ivith tlieir attendant, phenomena, result. In- 
creasing the rate up to 3 00 billions, their activity would be perceived as 
boat rays. Executing vibrations from 400 to TOO billions per second, 
light rays (red to violet) would be produced, to which rays tin* retina is 
attuned. Further increase of tlu* frequency would give rise to ultra- 
violet or Finsou rays, which are invisible to (be human retina. Con- 
tinued tremendous accelerations of the vibrating electrons would produce 
Hertzian rays, and finally tlio X-ray. 

Whether the theories as outlined and implied in the foregoing con- 
siderations be accepted or not, some such concrete conception of the 
nature and relation of the X-ray to the physical universe is essential to 
a clear understanding of its method of production and physical proper- 
ties. We may regard the X-rays, then, as a form of light energy differ- 
ing from sunlight in having an inconceivably rapid rate of vibration 
and shorter wave length. Its velocity 1ms been calculated to be practi- 
cally the same as that of light (THondlot, Marx). T>ut. its physical at- 
tributes are so unique that it stands apart as the most wonderful of radi- 
ant forces. 

Production of the X-ray. — For the production of the X-ray an elec- 
tric current is sent through a tube exhausted to one-millionth of an al- 
mospbcric pressure. While the phenomena accompanying the discharge 
of high tension currents through rarefied gases are still but imperfectly 
understood, the following is the generally accepted idea of the series of 
changes taking place : 






3-A 


Fig. 1. 


The current flows in at the anode terminal, A, and by its high po- 
tential ionizes the residual air particles in the tube. They become car- 
riers of electricity, transferring it to the cathode or negative terminal. 
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The high, potential at the cathode terminal, C, together with the dim- 
inished restraining pressure, causes dissociation and repulsion of nega- 
tively charged corpuscles (electrons) derived from the residual gas par- 
ticles in the immediate vicinity of the cathode and from the metal of 
the cathode terminal itself. These corpuscles travel in straight lines from 
the cathode, and, meeting with comparatively little resistance, acquire 
a tremendous velocity. This stream of flying negatively charged cor- 
puscles is known as the cathode stream. Its velocity is calculated to he 
one-third that of light. The stream can he deflected by a magnet, and has 
some penetrating powers. Wherever the cathode stream strikes a solid 
object, whether it he the glass walls of the tube or metal terminals within 
the tube, a disruptive discharge of exquisitely rapid vibrations is in- 
itiated, constituting the X-ray. Theoretically, this disruptive discharge 
is tlie result of the readjustment of the lines of electromagnetic force 
which surround each electron radially, and which are deflected backward 
by the drag of the ether, when the electron is in motion. When the 
moving electron suddenly loses its motion by coming in contact with a 
solid object within the X-ray tube, the readjustment of the deflected 
lines of force causes a tremor or shock to start from the electron and to 
run out with the velocity of light along each line as an expanding spheri- 
cal shell through the ether, the thickness of which depends upon the time 
during which the electron is changing its motion; hence upon the initial 
velocity of the cathode stream and the hardness of the solid object which 
it strikes. Part of the energy of the cathode stream is, however, trans- 
formed into heat and fluorescence. In order to direct an intense stream 
of X-rays in a given direction, instead of having them scattered diffuse- 
ly over the tube, the cathode terminal is made concave, causing the 
cathode stream to come to a foeus, at which point an anode or target of 
heat-resisting metal is placed. At this point, the so-called focus point 
of the target, the chief mass of X-rays originate, and travel in all direc- 
tions. This is the principle of the focus tube, as first devised by Jack- 
son. Being able thus to control and direct the X-ray output, tubes of 
various shapes may be devised, making Roentgen therapy of any part 
or cavity of tlie body practicable. 

Physical Characteristics of the X-ray. — Certain physical characteris- 
tics of the X-ray, which form the fundament of Roentgen therapy, must 
he clearly understood. 

The X-rays are invisible to the human eye. The peculiar brilliance 
of the X-ray tube is due to the fluorescence induced in the glass. The 
color of the X-ray tube will depend upon the composition of the glass. 
Soft, or sodium, glass gives a pale, greenish-yellow color, while the 
hard lead glass fluoresces blue. 

The X-ray travels in straight lines. It cannot be reflected, diffracted, 
or polarized. 
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The X-ray penetrates all matter approximately in i averse. proportion 
to its density. The resistance <»fTc i rc»cl b\ any suhstanee (o (lie X-ray 
depends npon the amount ol* energy abstracted from the. X-ray stream 
hy the atomic constituents of that suhstaneo. The energy is lost, in im- 
parting motion to the corpuscles of that suhstaneo. The, greater the num- 
ber of corpuscles in the atom, the greater the resistance offered, and the 
greater the number of rays absorbed, lienee, the X-ray penetration of 
the elements varies inversely with Iho atomic weight of that element, and 
the penetration of the compounds varies inversely with the atomic weight 
of their constituents. The transparency of a substance to the X-ray is 
entirely independent of the physical state of that substance, or the group- 
ings of its atoms or molecules. It varies, however, inversely with the 
thickness, or number of layers of that substance. 

Physical Effects of the X-ray. — The X-ray produces fluorescence in 
various materials, especially platiuo-harium-eyauid, calcium-tungstate, 
quiniii, etc. The X-ray produces many chemical changes. For example, 
it precipitates iodin from an iodoform solution, and calomel from a 
solution of mercuric chloric! and ammonium oxalate. It reduces the sil- 
ver bromid upon the photographic plate. The X-ray produces color 
changes in certain salts, platinn-hariuiu-cyani do, etc. 

Every particle of matter which is penetrated hy the X-rays absorbs 
X-rays (of varying quantity and quality), becomes radioactive, and gives 
off minute rays similar in character In the X-ray itself. These rays arc 
known as sennuhtry rays. They give rise to an extensive diffusion of the 
X-ray, an important, factor to be considered in protecting the patient 
and operator. The X-ray is analogous to, perhaps identical with, the 
Gamma ray given off by radium. 


GENERAL TECHNIQUE 

The X-ray Tube. — The X-ray tube is, of course, the center of interest 
and study in the practice of .Roentgen therapy. [Modern X-ray tubes are 
of intricate design and of uncertain efficiency. While great improve- 
ments have been made in them, they are, as yet, far from perfect. Tho 
physical laws underlying tlie production of this powerful radiation ill 
tlie. vacuum tube are largely speculative, and there are still gaps in our 
knowledge of the cycle of events occurring in the Crook c^s tube which 
even our theory docs not bridge over. Anyone desirous of practicing 
efficient X-ray therapy must study flic X-ray tube. In spite of the scien- 
tific uncertainty connected with its action, a good practical working knowl- 
edge may he obtained hy any careful observer. Since hard and fast rules 
governing the manipulation of the tube cannot he laid down, it follows 
that a certain period of time must elapse before an operator can become 
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a safe X-ray therapeutist. A year or two spent in diagnostic X-ray work 
(radiography), where the danger to the patient is practically nil if a 
modern type of apparatus be used, and where abundant opportunity is 
offered for a thorough study of the X-ray tube in action, is perhaps the 
best preparation for successful X-ray therapy. 

Quality and Quantity of Radiation. — The fundamental fact that 
X-rays are not homogeneous is the most important one in X-ray therapy. 
Early failures, disagreements, and lack of standardization of results in 
Roentgen treatment were undoubtedly due to the great variation in the 
quality of rays emitted from different tubes or from the same tube under 
varying conditions. Tlieir range in quality is much larger than the 
range of the whole visible spectrum. 

Quality of X-ray radiation means penetrating power , velocity, or 
length of the rays. Rays are classified as hard, medium, and soft rays. 
The radiation from every tube is always mixed or heterogeneous. It is, 
however, possible to select and regulate a tube so that one or the other 
type of rays will predominate. Depending upon whether the greater 
per cent. • of rays emitted are hard, medium, or soft rays, we speak of 
high, medium, or low tubes. 

Penetration or hardness of a tube depends upon the degree of its 
vacuum. As the air is exhausted from an X-ray tube, the quality of the 
rays constantly changes, and they become more and more penetrating. 
At the same time the internal resistance of the tube becomes higher — that 
is, the current finds more and more difficulty in passing through the tube 
— until finally the internal resistance reaches the point where no cur- 
rent at all will pass. The tube will not light up and is useless for any 
purpose. This observation is in harmony with, the theory of the discharge 
of electricity through rarefied gases. The current is carried by ionized 
residual gas particles. If there are no residual gas particles (that is, a 
perfect vacuum), no current will pass. Hence, in pumping a tube, few 
or many residual particles may be left. If many are allowed to. remain 
in the tube, they will carry much current; but, owing to mutual inter- 
ference, the electrons of the cathode stream will not attain their greatest 
velocity, and the X-rays resulting from their impact on the target will 
be of low penetrating power, and the tube will be a soft tube. Converse- 
ly, if there be fewer residual air particles in the tube, the cathode stream 
can attain a greater velocity because unhampered (providing, of course, 
that the potential or voltage at the cathode terminal is sufficiently high), 
and the rays will be hard or highly penetrating rays. A small percentage 
of soft rays will, however, be admixed with the hard. Such a high tube 
will take less current, owing to its higher internal resistance. Such a 
conception of quality of X-radiation is a sine qua non of successful 
therapy; for, analogous to sunlight, the greatest effect, of X-radiation is 
elicited where the ray ends or is absorbed. 



49S 


X-RAY THERAPY 


Quantity of Radiation. — Intensify refers io tlie number of X-radia- 
tions omitted from the X-ray tube at any moment ; or, more accurately, 
to the number of rays falling upon a unit area at any given moment. 
Intensity is the rate of delivery. Quantity is tbe product, of the in- 
tensity and the time. If we presuppose that each electron exc.it os one 
and but one ether impulse, it follows that the more residual gas in the 
tube (i. e., tbe lower the tube), tbe greater will be tbe number of X-radi- 
atious sent out, providing always that the amount ( milliaiuperage) of 
current supplied to the tube is sufficient to energize each corpuscle. Al- 
though the above supposition has not been proven, the deduction works 
oiit practically. Tbe lower tlie tube (within certain limits) the more 
current will pass, and the greater will be the intensity of the radiations 
produced. Analogous to optical light, the intensity of X-light varies in- 
versely as the square of the distance from its source, and directly with 
tbe angle of incidence. 

Regulation ov Quality and Quantity 

Tlie technique of X-ray therapy resolves itself simply into (-bo proper 
adjustment of quantity and quality to tbe need and nature of the affected 
organ or part. Accuracy in the measurement of dosage is important for 
two reasons: 

1. Tbe quantity and quality must, be so regulated that the rays will 
be absorbed by the proper tissues in proper amount. 

2. Tlie patient must be protected against the dangerous results of 
overdose. 

The factors to be considered in administering an X-ray treatment are: 

1. Penetration (quality of rays). 

2. Intensity (rate of delivery). 

3. Time of exposure. 

4. Distance of source, of light, from tlie part, treated. 

An inadequate application of tbe above factors, and an inability to 
accurately measure tbe factors one and two, have been tlio chief sources of 
past failures and burns in connection with X-ray therapy. Early opera- 
tors worked more or less empirically, and their good or bad results were 
largely a personal matter, often accidental, depending upon tlie character 
of their equipment. "While further improvements in the instruments for 
measuring penetration and intensity are still to be desired, tbe degree 
of accuracy now possible in determining X-ray dosage certainly equals 
that of other therapeutic measures, ami the stigma of inaccuracy in dosage 
should be no longer attached to this form of therapy. 

Penetration. — As previously stated, penetration depends upon the 
velocity of the particle of tbe cnlhnde stream, and, while this velocity can 
be varied by varying the potential (voltage*) of the current energizing tbe 
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X-ray tube, the most available method of varying the penetration is by 
increasing or decreasing the number of residual gas particles in the tube. 
Tubes may be pumped high or low during manufacture ; and, when pur- 
chasing tubes for therapeutic use, a tube producing hard or soft rays may 
be obtained. But the vacuum of an X-ray tube is not stable. It varies 
with the length of time the tube has been used, and with the character 
of such usage. Indeed, the vacuum may vary from moment to moment 
during any single exposure. With continued usage over weeks or months, 
the vacuum of an X-ray tube tends to get higher and higher, and the 
rays more and more penetrating. How the gas is used up is not entirely 
clear. The older theory regarded the loss of the residual gas as due 
to the extrusion of corpuscles through the glass walls of the tube, such 
extrusion being supposedly essential to the production of the X-ray. The 
cause of this change in vacuum “has more recently been explained in 
another way. The heavier metals malting up the terminals exposed in 
the vacuum become vaporized with use, very slowly under ordinary usage, 
but more quickly when heavy currents are sent through the tube. The 
vaporized metal is deposited on the walls of the glass, visible in old and 
badly used tubes as a dark coating on the inner surface of the tube. With 
this deposition of metal, minute air particles are imprisoned and thus 
abstracted from the residual air mass. Tlxese particles have been re- 
covered experimentally from the walls of old broken tubes. To permit 
of replacement of these lost particles, and thus prolong the life of the 
tube, as well as to provide for a rapid and convenient method of adjust- 
ing the vacuum to the nature of the application, various regulating de- 
vices are attached to tubes (Big. IB). Some of them depend upon the 
principle of osmosis (a small palladium cylinder, when heated in an al- 
cohol flame, allows nascent hydrogen to pass through it), but the usual 
type depends upon the liberation of gas from some chemical, such as 
K O H, by electrical dissociation or heating, or by the liberation of gas 
from compressed mica. By the use of such devices a high tube can al- 
ways be lowered to the required degree. A low tube, however, can be 
raised in vacuum only by repeated use of same, the process often requir- 
ing months. But all tubes tend to become low in vacuum during any 
single continued exposure which lasts long enough for the tube to be- 
come hot. The change in vacuum is due to the liberation and expulsion 
of minute gas particles from the metal parts of the tube. Thus the char- 
acter of the rays may change during an exposure, and not only defeat 
the purpose of the treatment, but result in injurious consequences as 
well. Bor success in therapy, therefore, it is essential not only to ad- 
just the initial vacuum of the tube to the purpose of the treatment, but 
to so select and operate the tube that it will remain as nearly as possible 
at a constant vacuum throughout the exposure. Since the vacuum in 
all tubes is apt to be unstable when the tube is in operation, this is a 
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difficult matter. Tubes seasoned l>v careful use and tubes of large diam- 
eter beat more slowly than unseasoned and smaller tubes. A heavy anode 
which conducts the heat from the focus point, and radiates it, also favors 
stability of vacuum. Eor very heavy treatments it is usually necessary 
either to change tubes several times during an exposure, or, better, to 
use a tube with a water-cooled target. Sucli a tube, if well seasoned, may 
be used for hours, and still maintain a fairly constant degree of penetra- 
tion. 

Some accurate method of measuring pend rat ion must, ho adopted. 
The simplest method depends upon the* fad that the internal resistance of 
the tube is approximately proportional to tin* degree of its vacuum, and 
hence proportional to the penetrating power of the rays emitted. This 
resistance may be measured in inches or centimeters on a graduated paral- 
lel spark gap or spintevmeter. A tube which hacks up a parallel spark 
of from % to 1 inch may he considered low. A medium tube will show 
a parallel spark reading of 2 to i> inches, while a high tube will back up 
3T/> to 5 inches. This method will be found a fairly accurate gage of 
the quality of the rays, although the readings vary wilh the quantity and 
voltage of the high tension current used. .Furthermore, it occasionally 
happens that a tube becomes “cranky” aud, although emitting soft rays, 
will give a high spinteruieter reading. Tin* spintevmeter reading will 
likewise vary with different types of generating apparatus used, probably 
due to differences in voltage. However, when only one type, of apparatus 
is employed, and when the current used is small and not, subject to great 
variations (currents of 1 to i> millhimperes), the spintermoter may be 
considered a fairly reliable guide. 

More accurate instruments which measure the penetrating power of 
the ray directly may he used. Walter's penetrometer consists of a sheet 
of lead with 8 windows covered with platinum of varying thickness, and 
over which a small fluorescent screen is placed. The penetrating power 
of the ray is gaged by the number of windows seen on the* screen. Wehn- 
elt 1 * and Benoist's instruments consist, of a standard disk and screen, the 
illumination of which is compared with the illumination of a similar 
screen through varying thicknesses of aluminium. All of these direct 
methods necessitate some exposure of the operator to the ray, although 
with the modified Benoist it, is not necessary to gel in the axis of the ray. 
Any of these instruments may he so altered, however, that the readings 
may be made from the operator’s protected booth, by decreasing the thick- 
ness of the disks to allow for the increased distance from the X-ray tube. 
With the small quantity of current ordinarily used for treatment, how- 
ever, the above method is not entirely satisfactory. More recently an 
instrument for measuring penetration in terms of voltage at the tube 
terminals lias been devised. The penetrating power of the rays emitted 
are approximately proportional (within certain limits) to the voltage at 
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the tube terminals. The instrument which has been termed a qualimeter 
reads the voltage at the cathode terminal by the degree of repulsion of 
the leaves of an electroscope. It is to be emphasized finally that all of 
these methods measure the penetration of the major portion of the rays 
generated at the time, and that the proportion of softer and harder rays 
admixed is uncertain. 

Intensity. — Eor measuring the quantity of rays emitted from the 
X-ray tube, two methods are available. One is the indirect method, and 
measures the current passing through the tube as an index of the amount 
of X-rays generated. The amount of current traversing the lube multi- 
plied by the time of exposure gives the total quantity delivered. The 
other method, the so-called direct method, measures the total quantity of 
rays emanating from the tube during a given period of time by the physi- 
cal or chemical changes produced by the ray in certain substances placed 
in its path. 

Eor measuring intensity or rate of delivery of the rays the milli- 
amperemeter in series with the tube is the usual method. It is generally 
believed that the quantity of X-rays emitted at a given moment is ap- 
proximately proportional to the amount of current passing through the 
tube, and, when operating the tube according to the recognized rules of 
technique, a milliampere reading taken in conjunction with the time 
and the penetration may be regarded as a safe and practical method of 
dosage. It must always be remembered, however, that all of the elec- 
trical energy sent through the milliampere meter is not converted into 
X-ray energy. Some of it leaks off the wires, some is converted into heat 
within the tube, etc. Furthermore, it is not proven that each electron 
gives rise to one and but one X-ray impulse, and that the current conduc- 
tion through the tube is carried on exclusively by electrons. When using 
an induction coil as a source of electrical energy all inverse current must 
be carefully cut out by the use of suitable valve tubes, as inverse current 
^Tves false milliampere readings. The number of interruptions in the 
primary current likewise seriously affects the reading. It has been re- 
cently shown that slow interruptions of a mercury break with an induc- 
tion coil give 25 to 35 per cent, lower readings than the more rapid in- 
terruptions (110 per second) of a transformer. In other words, 2 M.A. 
of current from an induction coil with mercury break produce 25 to 30 
per cent, more X-rays than 2 M.A. from a transformer. Eurthermore, 
the thickness of the glass walls of the tube, which must vary with each 
type of tube or with each tube of the same type, influences markedly the 
intensity. Very thick tubes absorb a considerable percentage of the X-rays 
generated within. In employing the milliamperemeter to estimate dosage 
it must always be remembered that the work done by the X-ray analogous 
to work done by any other form of energy is always the product of velocity 
X mass or penetration X quantity, and that the penetration must always 
34 a 
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be taken in conjunction with the milliampevo muling; otherwise the lat- 
ter is worthless and misleading. 

The direct, methods of measuring quantity are, on the whole, more 
accurate, although more difficult to carry out. They also approach more 
closely the long cherished ideal of radiologists, namely, a standardization 
of X-ray dosage. Since results, as computed hy a direct method, can be 
better duplicated by different workers in different parts of the world, 
the adoption of such a direct method is better suited to the recording of 
results in medical literature. The most widely accepted direct method 
depends upon the fact that the X-ray produces color changes in certain 
chemicals. Ilolzkneclit in 1902 introduced this method, using potassium 
sulphate as the reagent. At present platino-barium-cyanid has proven 
to be the most reliable for tliis purpose. 

Two instruments utilizing platino-lmrium-cyanide have been tested 
and accepted by some radiologists as tentative standards of measurement. 
The Saboureaud et Noire ohromoradiometor consists of pastilles of plat- 
iiio-barhim-eyaiiid and a chart, containing the standard colors for com- 
parison. Tint A (a pale green) represents the color of the fresh un- 
changed pastille. Tint B, which is a dark orange tint, represents the 
color produced by an amount of X-rays just sufficient to cause a slight 
erythema of the skin. TIolzknecht’s radiometer is a modification of Sa- 
bouroaud’s, and consists of a delicate color scale with which the pastilles 
may be compared. Whereas the Saboureaud and Noire instrument al- 
lowed of a reading in but one large unit, namely, the ‘‘erythema dose/’ 
TTolzknecht’s instrument, hy means of its delicate color scale, allows of 
reading in units 1/5 of the erythema dose. Rive Holzkneclit’s units or 
5 TI equal the Tint B or “erythema dose” of Saboureaud et Noire. 

The instruments are utilized as follows: A fresh unchanged pastille 
is placed in the central axis of the X-ray one-lialf the distance from the 
target to the skin. This rule as to location of the pastille is a purely 
arbitrary one. The exposure is then made, and, from Hine to time, this 
pastille is removed to another room and compared either with tint B of 
Saboureaud’s chart, or with the Holzknecht scale, until the color changes 
to the tint, indicating that the desired dose has been given. The com- 
parison with tint B of Saboureaud’s scale is to be made in a dimly lighted 
room, while ITolzknecht stipulates that an incandescent light should be 
used in matching the colors of his scale. The method of measuring dosage 
hy the ehromoradiometer has certain inherent objections. The personal 
equation enters in matching colors. The reagent used is not stable, and 
tends to change color in sunlight and hot and dry atmospheres. Further- 
more, the reagent, as manufactured by different firms, is not of uniform 
sensitiveness, and even varies from time to time when made by the same 
firm. Holzknecht ’s scale provides for variations in the sensitiveness of 
the salt, and all pastilles for his instrument are tested by the manufacturer 
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and classified as to sensitiveness. This method is most accurate with 
tubes of medium hardness. 

As mentioned above, the standard of comparison is the color change 
produced in the platino-barium-cyanid by a volume of X-rays sufficient 
to produce the mildest reaction in the human skin, with alopecia on the 
hairy regions, and nothing more. This amount, called the “erythema 
dose,” has been determined by prolonged observation and experiment. 
This standard is not necessarily an inaccurate one or a flaw in the method. 
Since the nature and proper control of the X-rays have become better 
understood, it has been shown that the X-ray may be handled as any 
other form of energy, and equal amounts may be confidently expected to 
produce equal results. A danger, however, not to be underestimated in 
using Saboureaud’s pastilles lies in the fact that, in giving such a large 
dose as to produce an erythema in one treatment, we are working near 
the danger line, and a slight error in technique may result in an overdose 
with its consequences. 

Other methods of measuring the dosage have been advanced from 
time to time. As most of them have either fallen into disuse or have been 
relegated to experimental laboratories, their mention in such a brief 
treatise as this would be out of place. Some depend upon the fact that 
the X-ray causes chemical changes in certain solutions and throws down 
a precipitate which may be measured. Another method gages the vol- 
ume of X-rays by the degree of ionization of an exposed gas. Since the 
degree of ionization varies with the quality or penetration of the ray, this 
method has the same inherent objection as the use of the milliamperemeter, 
and is, therefore, not an accurate direct method, although variations in 
the penetration of the rays affect, in a measure, the accuracy of the 
chromoradiometric methods also. Kienbock’s quantimeter gages the 
ray by its effect upon strips of photographic sensitive film, using the 
amount of blackening produced by the erythema dose as the standard. 

Notwithstanding certain weaknesses in the chromoradiometric method, 
the instruments of Saboureaud and Noire and of Holzkncclit will, in 
proper hands, serve as a safe and reliable measure of dosage. Perhaps 
the safest plan in the estimation of dosage is to take cognizance of all 
factors, as recommended by Schmidt. While it is true that the milli- 
amperemeter measures only the current supplied to the tube, and does 
not record the efficiency of the tube as a transformer, and that the pen- 
etrometers and the chromoradiometers, depending on visual estimates, 
must involve the personal equation, yet, if we take all of these factors 
into consideration, the determination of dosage will be sufficiently ac- 
curate. 

Eor those who do not adopt any of the direct methods of measuring 
the output of the tube, and who rely upon the milliamperemeter and the 
associated factors to determine the dosage, some tables prepared by Walter 
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may be of much assistance. Walter made a large series of experiments 
to determine tlie erythema dose in terms of milliamperc minutes. The 
factors which he had to consider in such a determination were: target- 
sldn distance, penetration of tube, and, what has been shown to be of 
very great importance, the thickness of the glass wall of the tube oppo- 
site the target. By exposing many Sabmireaud tablets to tubes of dif- 
ferent penetration until the tint B (erythema dose) was produced, and 
taking into consideration the coefficient of absorption of glass, he de- 
veloped a formula which would combine the factors of distance, penetra- 
tion, and thickness of the tube in terms of milliamperc minutes. Re- 
ferring to liis table, a tube, whose wall opposile the target is 0.6 mm. 
thick and which emits Walter 5 rays, will at a target-skin distance of 
20 cm. deliver the erythema dose in 20 milliamperc minutes. To utilize 
such a table, the manufacturer must furnish with each tube the measure- 
ment of tlie thickness of the glass wall opposite the target. 

Time of Exposure. — The measurement of the time of exposure is es- 
sential in estimating dosage, if the milliamperometcr readings are relied 
upon. Eor accurate timing, and as a safeguard against overdose, a clock 
with an automatic time switch should he placed in the* primary circuit. 
The clock may ho set for the desired number of minutes, and the opera- 
tor is free to leave the room and attend to other work, avoiding unneces- 
sary exposure to the X-ray as well. 

Two methods of administering the requisite dosage may he employed: 
either the entire dose may he given in one or two heavy exposures, or the 
exposures may be light and repeated at frequent intervals until tlie de- 
sired effect is obtained. In elioosing between these two methods many 
factors must he considered, for each has its advantages and disadvantages. 
On the Continent, and, to a certain extent, in England, single heavy ex- 
posures are much employed; whereas, in this country the oft-repeated 
small exposures are usually preferred. The success of eillier must depend 
upon the operator and the character of his apparatus. If a single heavy 
exposure is given, the dose must he carefully measured by a cliromoradio- 
meter, which implies much experience in the use of the instrument. This 
so-called “massive-dose” method is especially adapted to the treatment 
of superficial conditions, such as skin cancer, where the desired effect, 
i. e., the destruction of a certain amount of tissue, can he accurately 
estimated. Much time is saved, and, if the operator has mastered all 
the details of technique, the brilliant and prompt results of the “massive- 
dose” method impress one with the possible accuracy of Roentgen 
therapy. 

Much may be said, however, in favor of the small oft-repeated or 
“fractional-dose” method. Its safety commends it above all else. Fur- 
thermore, there is a so-called “latent” period between the application of 
the dose and the appearance of the maximum effect, a period which varies 
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from 7 to 14 days. Where the object of the treatment is not to destroy a 
certain amount of tissue, but, for example, to influence an enlarged gland 
beneath the skin, the total quantity of irradiation required is uncertain, 
and the effect of a small amount must be carefully watched before giving 
more. And where, for instance, the change produced by the ray is a slow 
one, and must extend over months, as, for instance, in leukemia, the single 
heavy dose is, of course, not applicable. Eurthermore, the destruction of 
tissue by irradiation, whether it be a large cancerous mass (as in treating 
inoperable cancer) or white blood cells (as in leukemia), produces an in- 
toxication which, in the debilitated and the aged, may be of serious con- 
sequence. Hence, it is best to proceed slowly with the tissue destruction. 
It is, however, true that much inefficient work has been due to the fact 
that the exposures were too light. Such conservatism may be the result 
of failure to appreciate the principles of technique, but more often it is 
due to the fear of producing a burn. Much of the promiscuous X-ray 
therapy has been of this type, and is necessarily fruitless. The ineffi- 
ciency and even harmfulness of underdosing in X-ray therapy are readily 
explained upon considering the physiological action of the ray upon the 
cells of the body. Analogous to many forms of internal medication, small 
doses stimulate and large doses inhibit and then destroy. In treating a 
superficial growth or a deeper inoperable malignant condition, very small 
doses will not only fail to produce the desired results, but may even do 
harm by stimulating the cells to increased activity. A homely example 
may be cited in the amount of energy required to drive a nail. Small re- 
peated blows from a tack-hammer will never accomplish the results of 
one or two blows from a sledge-hammer, although the total amount of 
work done in each case may be the same. The stimulating effect of the 
X-ray is often desired, however, as in chronic eczema, and a very small 
dose may be all that is required. But more frequently it is necessary 
to produce a mild inflammatory reaction (X-ray erythema) to bring about 
results, as in the exuberant skin lesions. In such obstinate lesions as 
lupus, etc., reaction after reaction must be produced. The X-ray expo- 
sures must be pushed fearlessly, yet continuously, to the desired effect, 
and the operator must have confidence in the accuracy of his technique. 
The beginner must, of course, proceed conservatively, for inefficient treat- 
ment is always to be preferred to the suffering and uncertainty incident 
to an X-ray burn. 

In using the milliamperemeter as the gage of dosage, the time of 
each treatment will vary from 5 to 15 minutes, and the current traversing 
the tube will vary from 1 to 5 milliamperes. When the platino-barium- 
cyanid pastilles are used the time will vary with the intensity of the 
X-light employed. Very recently Albers-Sehonberg introduced what has 
been termed “second-therapy,” where the time of exposure has been re- 
duced to a few seconds, instead of minutes. By using a transformer 
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delivering 30 to 40 milliainperes, an eximsure of 30 seconds (900 to 1,200 
milli ampere seconds) would deliver the same quantity of rays as would 
be delivered by a current of one milliampere over 15 to 20 minutes. He 
has, for example, given the erythema dose in 15 seconds. Such short ex- 
posures with heavy currents give less latitude for technical errors and 
greatly increase the percentage of such errors. 

Distance of Source of Light. — The distance of the source of the X- 
rays from the part, being treated is of great importance, for the intensity 
of the X-ravs varies inversely as the square of the distance. Since the 
X-rays originate at the target of the tube, all measurements must be 
estimated from the target, and not from the glass wall of the lube. The 
adjustment of the distance must consider the. location of the tissue to be 
treated. If superficial, tlie distance from the target to tlie lesion should 
be comparatively short, and a moderately soft tube used. In this way 
the shorter mid more active rays will just reach skin where they will be 
absorbed, and the rays will be utilized while their intensity is compara- 
tively great. If a deep tissue (that is, a tissue beneath the skin) is to be 
irradiated, a higher tube giving out more penetrating rays should be 
employed, and the target-skin distance should be increased. The rays, in 
order to reach tlie deeper tissues, must, of course, pass through the skin. 
The task of giving effective doses to the deeper tissues without injuring 
the skin has brought up several interesting problems. It follows from 
the law of intensity that more rays will always fall on the skin than will 
reach the deeper tissues, hut the difference is minimized if we increase 
the target-skin distance. At the same time that the difference in intensity 
of the X-rays reaching the skin and the deeper tissues is minimized, many 
of the shorter, softer rays which would be absorbed by and actively influ- 
ence the skin are lost in the space intervening between tlio tube and tbe 
body. Since the intensity falls rapidly with the increase of distance, 
the time of exposure must he increased to deliver an efficient dose to the 
deeper tissues. 

Uniformity. — The fact that the X-ray will penetrate the skin and 
affect a deep lesion without producing any visible reaction in the skin 
is one of the best proofs of the existence of the most important and unique 
attributes of the X-ray, namely, a selective action. In order, however, 
to favor this selective action the irradiation of the two kinds of tissues 
should be as uniform as possible. If, for example, the lesion, which is 
radiosensitive, be superficially located, tbe central axis of the rays should 
be directed to tbe center of tbe lesion. If the lesion is small, tbe irradia- 
tion will be fairly uniform while the healthy skin at the margins of the 
lesion will receive a slightly less intense dose. If the lesion is large and 
the surface flat, there may be an inequality of intensity in different parts. 
In such a case it is perhaps better to divide the surface to be exposed 
into several parts, and expose each part separately, covering the rest with 
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lead foil. Unless this division and protection of the areas during the 
several exposures be accurate, there may be overlapping of edges of the 
successively irradiated areas with consequent overdose. Theoretically, 
only such concave surfaces as the axilla or back of the knee can be uni- 
formly irradiated. Where the surface is convex the inequality of irradi- 
ation is, of course, greatly accentuated. 

Technique of Deep Therapy 

The efficient irradiation of deeper tissues, that is, tissue beneath the 
skin, presents many difficulties. That the rays penetrate any and all 
tissue in the human body is proven. But, because of .the rapid diminu- 
tion in intensity due to absorption as the rays traverse the tissues, the 
deeper tissues can receive but a small percentage of the rays falling on 
the surface of the body. Compared to this tremendous loss by absorp- 
tion, the slight diminution in intensity as a result of the increased dis- 
tance of the deeper lying tissues from the target is insignificant. This 
absorption varies directly with the density of the irradiated tissues and 
inversely with the penetrating power or velocity of the rays. It has been 
estimated that with a medium hard tube only 50 to 60 per cent, of the 
rays reach 1 cm. below the surface of the body, at a depth of 2 cm. only 
35 to 45 per cent., and at 3 cm. the intensity falls to 20 to 30 per cent. 
The nearer the tube to the irradiated part the greater will he the per- 
centage of decrease in intensity in the deeper tissues. Conversely, the 
greater the target-skin distance the smaller will be the percentage of loss 
from absorption by the superficial tissues. 

In administering the efficient dose to the deeper tissues, the skin may 
be protected in two ways: The excess received by the skin over the 
amount received by the deeper tissues can be minimized by increasing 
the target-skin distance. It is rarely advisable to increase the target-skin 
distance over 15 inches, as the loss in intensity necessitates such an in- 
crease in the milliamperage or in the time of exposure, or both, that spe- 
cial apparatus and special tubes would be required. The skin may be 
further protected by treating, wherever possible, from different sides or 
different angles, so that the same skin area will not be exposed so fre- 
quently. Thus, in treating a mediastinal tumor, the exposures may be 
alternated over anterior and posterior surfaces of the chest. In treating 
the blood mass, as in leukemia, various parts of the body may be exposed 
successively. 

The X-ray Filter. — -Utilizing certain laws of absorption of X-rays, a 
method has been advanced which offers almost complete protection to the 
skin during deep exposures. It was shown by Walter that those metals 
near the center of the scale of atomic weights, such as silver and zinc, 
absorb chiefly the hard rays, whereas the metals at the extremes of the 
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scale, such as aluminium and copper, absorb the soft rays. In oilier words, 
if the rays are passed through silver they are for the most part soft; 
whereas, if they pass through aluminium, they arc chiefly hard. Perthes 
first applied this principle to X-ray therapy oil the Continent. He fil- 
tered the rays through a sheet of aluminium 1 mm. thick, thus removing 
most of the very soft rays. In this country Pfahler introduced the use 
of a piece of thick leather with the same object in view. It is a proven 
law of absorption that the second layer of any specified substance absorbs 
a smaller percentage of the rays than the first layer. Indeed, the second 
layer of any substance absorbs only a small fraction of what tlie first layer 
absorbs. Hence, if a piece of leather (1 cm. thick) be previously soaked 
in water, to make it more nearly analogous to the human skin in density, 
it will absorb tlie same character of ray as the skin would absorb. Hence, 
if tlie wet leather be interposed between the skin and the target, the ma- 
jority of the rays absorbable by the skin will have been removed, while 
the skin, having approximately tlie same coefficient of absorption as wet 
leather, will absorb only a fraction of what passes through the leather. 

The discovery of the ‘‘X-ray filter” is a most valuable addition to the 
technique of Roentgen therapy. By its consistent use accidental X-ray 
dermatitis should be a terror of tlie past. Even the beginner may take 
confidence and irradiate safely. But the expert, also derives added as- 
surance, and is relieved of much worry by employment of the filter. The 
amount of exposure to X-rays filtered through aluminium or leather which 
the skin will withstand is, in the light of previous disastrous experiences, 
almost incredible. This possession has enabled ns to practically guarantee 
our patients against burns, and it lias facilitated certain experimental 
work which, without the filter, would have been contraindicated. By its 
use leukemic patients may be treated for years without injury to the skin, 
and the hairy parts of the body may be irradiated for therapeutic or diag- 
nostic purposes. 

The filter consists of simply a sheet of aluminium 1 mm. thick, or a 
thick piece of wet leather. More convenient, and perhaps safest, is a 
thinner piece of leather glued to a sheet of aluminium. It is hardly nec- 
essary to mention that with tlie filter the time of exposure must be in- 
creased if superficial lesions are being treated. In deep therapy the use 
of the filter does not lessen the intensity of the penetrating rays. While 
indicated particularly in deep therapy, it finds an important place in 
superficial therapy as well. Eor instance, in treating scattered patches 
of psoriasis with healthy skin intervening, such a filter is indispensable. 
In treating epithelioma, it is usually essential to expose an appreciable 
margin of apparently healthy skin surrounding the lesion, which may be 
protected by the filter. Where it is desired to limit the degree of reac- 
tion, or to safeguard against excessive reaction, the filter is invaluable. 

Other substances having coefficient of absorption similar to that of 
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the normal skin have been used. Besides leather and aluminium, a piece 
of ordinary window glass 1% mm. thick is perhaps the most acceptable. 

Uniformity of Deep Irradiation. — To secure uniformity of deep ir- 
radiation new difficulties arise. The object of securing uniformity is to 
facilitate the selective action of the X-ray. Thus, if an area containing 
both normal resistant cells and abnormal or radiosensitive cells be uni- 
formly irradiated, the less resistant cells will degenerate without any 
change in the normal cells. That there is tremendous loss of intensity 
in deep therapy, due to increased distance as well as to absorption, has 
been previously discussed. The fact that this loss is progressive and varies 
with each millimeter of tissue penetrated renders the deep irradiation 
not uniform. The desired uniform irradiation has been termed homogene- 
ous irradiation by Dessauer, who considers it absolutely essential for suc- 
cessful deep therapy. The advantages of homogeneous exposures apply 
with equal force to superficial therapy. Since in superficial therapy we 
are dealing for the most part with lesions having flat surfaces, and whose 
thickness is often inappreciable, the requirements for homogeneity, such 
as distance and absorption, can be more nearly approached. As a gen- 
eral rule, the target-skin distance for superficial lesions may be established 
as twice the greatest diameter of the lesion under treatment (Holzknecht) . 
To secure homogeneity in deep work, or approximate homogeneity, since 
theoretically absolute homogeneity is impossible, we can modify our tech- 
nique in two ways. When the target-skin distance becomes so great that 
the thickness of the part under treatment becomes negligible, the per- 
centage loss in intensity becomes negligible, and the irradiation becomes 
homogeneous. Holzknecht, therefore, places the tube 3 to 6 feet from 
the skin, while Dessauer recommends a target-skin distance of 20 feet, 
his tube being attached to the ceiling. With this increase in target-skin 
distance the increase in penetration must go hand in hand, so that the 
percentage loss by absorption will be negligible. The tube, therefore, 
must be excessively hard (Walter — 8 or more). Such a method is me- 
chanically inexpedient, and implies a tremendous waste of energy. Owing 
to the high penetration the absorption by the various tissues may be ap- 
proximately uniform, but the quantity absorbed is extremely small. Sim- 
ilarly the great target-skin distance reduces the intensity to a small frac- 
tion of the output of the tube. To overbalance these losses, the time must 
be measured in hours instead of minutes. Thus Dessauer reports expo- 
sures of 6 to 8 hours daily until the total has reached 100 to 250 hours. 
Such prolonged exposures demand special tubes, and a special apparatus 
whose current is less heating to the tube than the usual type of current. 
Furthermore, a multiplication of apparatus and treatment rooms would 
be necessary, such as could only be obtained in a large, well-endowed in- 
stitute. 

Requirements for Deep Therapy. — Dessauer’s modification of deep 
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therapy has not justified the claims made for it, and for the present the 
requirements of deep irradiation may, in a measure, be fulfilled without 
resorting to such extremes. 

The practical requirements for deep therapy may be tabulated as fol- 
lows : 

1. Increasing the penetration of the tube. 

2. Use of filters. 

3. Increasing of target-skin distance. 

4. Exposures from different sides. 

In estimating deep dosage the pastilles must he placed under the filter 
and the amount is to he always kept he low the erythema dose. 


PROTECTION OF PATIENT AND OPERATOR 

Of great importance in X-ray therapy is the protect km of all parts 
of the patient’s body not under treatment, as well as the protection of the 
oporator and his assistants, from any unnecessary exposure. The disas- 
ters from overexposure and unnecessary exposures occurring early in the 
Roentgen era have, so firmly impressed upon all workers the necessity of 
certain protective precautions, that the iiractical methods of safeguarding 
against injury are generally understood. With the recognition of the 
possible danger from excessive exposure came a wave, of excessive appre- 
hension in the use of the X-ray. Borne operators were so alarmed as to 
give up the work entirely. In the matter of protection, wo should avoid 
extremes in either direction. Unnecessary exposure of either operator 
or patient to the X-ray is unwarranted; hut absolute protection from all 
irradiation is not always attainable. 

'For the protection of the patient he may be covered with some more 
or less ray-proof material. Most convenient and available is lead foil. 
It has been found that lead foil 0.25 nun. thick absorbs practically 96 
per cent, of the rays of the character ordinarily employed for therapy, 
and the 4 per cent, which passes through cannot possibly injure the skin. 
Thus, in administering a dose of 10 JL, or twice the erythema dose, the 
skin covered by the protective foil will receive lmt IE. As it requires 
at least 3 II. to produce the very mildest reaction, the protection thus af- 
forded is ample. The lead foil is easily wrinkled and torn unless covered 
with cloth or rubber and bound around edges. Furthermore, it is apt to 
become soiled and unsanitary. It is much preferable to inclose the tube 
in a ray-proof shield or box, and allow a bundle of rays to emerge through 
an opening which may be adjusted to the size of the lesion under treat- 
ment. A single sheet of lead foil may then he employed to cover the 
healthy skin around the margins of the area under treatment. To avoid 
a possible carrying of infection, each patient should have his own sheet 
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of foil, which may he preserved un wrinkled and separate from the rest 
by filing it alphabetically in an ordinary letter file. 

Inclosing the tube in a ray-proof receptacle is the only scientific method 
of controlling the rays. The use of an <k open” or uninclosed tube cannot 
be too strongly condemned. The inclosed tube protects not only the 
patient, but the operator and all others in the room as well. The con- 
tainer for the tube may be a lead-lined box, or, in order to obviate the 
sparking which is almost inevitable where so much metal is in close prox- 
imity to the tube, a ray-proof rubber cloth may be used to make the re- 
ceptacle ray-proof. Rubber cloth can now be obtained which has a high 
coefficient of absorption. Because of its cleanliness and flexibility, it is 
often preferable to the lead foil as a covering material, and may be put 
to varied uses in connection with X-ray therapy. The best container for 
the tube is the heavy shield made of lead glass which is practically opaque 
even to the most penetrating ray. These shields have the added advan- 
tage of permitting constant observation of the tube during operation. 
They are open above, however, and allow a certain amount of stray radia- 
tion to escape in the room. It should he understood that the danger lies 
in the path of the direct rays from the active hemisphere of the tube. 
Therefore, the active hemisphere should always he turned away from the 
operator. The stray radiation from the inactive or dark hemisphere, viz., 
the half of the tube behind the target, cannot he regarded as necessarily 
dangerous. The entire atmosphere of any room of ordinary size in which 
an X-ray tube is being operated becomes radioactive even though the tube 
is inclosed in a glass shield. The operator and assistants in such a room 
will he bathed in this secondary radiation. It has never been proven 
that such secondary radiation is positively injurious. Albers-Schonherg 
recently exposed guinea-pigs for 3 months to such secondary radiation 
and found no demonstrable effect upon them. However, the generally 
approved procedure for the operator is to avoid even such secondary ir- 
radiation. He may, therefore, either enter a lead-lined booth (lead 1/16 
inch thick) or leave the room. The switchboards should he located in 
such a booth or in an adjoining room ; and, by means of a lead glass win- 
dow, the tube and the patient ma) he kept under constant observation. 
Unless the partition between the rooms he brick, it should he reinforced 
with sheet lead 1/16 inch, or it may be built double and filled in with 
sand. In order to observe the tube indirectly a mirror may be convenient- 
ly arranged. Eor the extremely cautious ray-proof gloves, aprons, and 
glasses have been provided. The folly of exposing the hands to test the 
tube or any part of the body unnecessarily need hardly be mentioned. 
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BIOLOGICAL EFFECTS OF THE X-RAY 

Tlie biological action of the X-ray must be clearly understood in order 
to permit of tlie rational use of the ray in therapy. X-ray therapy is 
no longer empirical, but is based upon a fairly well-developed pathology. 
When the nature of the ray and its action upon the human tissues are gen- 
erally known, the X-ray can take its place in our therapeutic arma- 
mentarium to he employed not as an experiment or as a method of last 
resort, but as a routine therapeutic agent whenever tlie indications arise. 

The X-ray acts not by “burning,” as was formerly popularly sup- 
posed, but by a unique action upon the molecular, atomic, or subatomic 
structure of the tissues. Such effect upon tlie structure of the complex 
protoplasmic molecules gives rise to altered metabolism, altered function, 
or tissue degeneration and destruction. The results may he recognized 
clinically as stimulation, irritation, or loss of tissue. All cells which have 
absorbed X-ligbt suffer a chemical change which may produce no ap- 
preciable effect, or may result in stimulation, irritation, or degeneration. 
The effect upon the tissue will depend upon : 

1. The amount of rays absorbed by the tissues. 

2. The selective action of the ray. 

The treatment may he given only to stimulate, as in chronic eczema 
and indolent ulcers ; or to produce a mild inflammatory reaction, as in 
chronic infections of tlie skin; or to inhibit functions, as in hyperidrosis 
or pruritus; or it may be pushed to produce actual destruction, as in car- 
cinoma. Again, its indirect action may be sought, as in sycosis, where 
tlie tissues are stimulated to produce an antitoxin to combat tlio bacteria, 
or in treating enlarged tuberculous glands where, in addition to the pos- 
sible destruction of diseased lymphoid tissue, tlie cells are stimulated to 
fight the bacilli. The lesion to he subjected to X-ray therapy must be 
accurately diagnosed and the desired result determined upon. Then the 
X-ray dosage may be varied to bring about tlie effect desired. The therapy 
should never be given in a hit or miss way, even in experimental work, 
but definite Roentgen effects should be planned. 

The characteristic and unique curative action of the X-ray is the pro- 
duction of a cell degeneration which can he demonstrated microscopically. 
The action is purely local and, contrary to external or even internal medi- 
cation, it reaches every cell in the irradiated area. Any general effects 
which may follow X-ray exposures are due either to serological changes 
in the blood, e. g., the development of leukolysins in leukemia, or to the 
toxemia which may accompany tlio tissue destruction. 

An inflammatory reaction often accompanies the X-ray action proper, 
but the X-ray curative effect is not in any sense inflammatory. The in- 
flammatory reaction, however, often aids the X-ray action proper. Such 
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an inflammatory reaction is, of course, essential in the repair of tissues 
following destructive irradiation. 

Selective Properties of X-rays. — The selective property of X-rays is 
the basis of Roentgen therapy. The normal tissues of the human body 
may be classified according to their sensitiveness or susceptibility to the 
influence of irradiation. The tissues may be said to possess varying 
degrees of sensitiveness to the X-ray. Those which react to the X-ray 
not at all or only after the severest irradiation are said to be resistant, 
while those tissues which are more easily influenced are said to be radio- 
sensitive. If an area be irradiated uniformly, the resultant change in the 
cells of that area will vary greatly, depending upon the radiosensitive- 
ness of the different types of cells. The presence of a pathological proc- 
ess in a tissue usually increases the sensitiveness of that tissue ; hence, as 
a general rule, diseased cells and tissues may be said to be more sensi- 
tive to irradiation than healthy cells and tissues. The presence in a tis- 
sue of a simple inflammation seems to sensitize the tissue tg the X-ray. 
Abnormal cell elements and tissues are especially susceptible to irradia- 
tion. Each pathological type of cell varies in susceptibility and may he 
classified in terms of radiosensitiveness. In a general way it may be said 
that the sensitiveness to irradiation is most marked in those cells which 
are rich in protoplasm and in which metabolism is active. The blood 
supply of the tissue at the time of irradiation likewise influences its radio- 
sensitiveness. Anemic tissues are less susceptible than hyperemic tissues, 
probably because the metabolism in anemic tissues is decreased. In 
healthy tissues the cells which are highly specialized are influenced first. 
As examples may be mentioned the atrophy of hair follicles and sweat 
glands which occurs in the healthy skin before the exposure is sufficient 
to cause a dermatitis. Pathological tissues composed of young, rapidly 
growing cells of low vitality offer little resistance to the ray. Selective 
action increases as the abnormal cells approach the embryonal type. The 
lymphoid tissues are very susceptible, as evidenced especially in the re- 
duction of enlarged lymphatic glands, enlarged thymus, and the white 
elements of the leukemic blood. Of pathologic tissue the sarcomata, whose 
cells are typically embryonal, are very sensitive to X-radiation. Oells 
which have become differentiated and entered into the structure of tis- 
sues or organs gain in resistance. Thus the round-celled infiltration of a 
gumma is easily destroyed, while the resulting dense scar of a healed 
gumma is affected with difficulty. 

As a guide in the apportionment of dosage to the various lesions in 
various parts of the body, and as an index of the results to be expected, the 
following tables will be of value. The tissues are listed in the order 
of susceptibility to roentgenization. 

Normal Tissues . — Lymphatic tissues, bone marrow, testicles, ovaries, 
cartilage of the newborn, skin of face of child, mucous membranes, sweat 
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and sebaceous glands, skin of buttocks of child, intinia of blood vessels, 
skin of adult’s face, hair papilla*, skin of buttocks of adult, liver and 
kidney parenchyma, connective tissue and blood vessels, muscle, cartilage, 
cornea, sclera, bone. 

I’atliolocfical Tissues . — Leukemic and pseudoleukemic tissues, certain 
sarcomata, especially lymphosarcoma, mycosis fungoides, psoriasis 
(fresh), inflamed skin, epithelioma, acne, t'avus, herpes tonsurans, lupus, 
sycosis, certain eczemas, carcinoma, tuberculous glands, lipoma, myoma, 
fibroma. 

Tlie explanation of the peculiar selective action of the. X-ray is not 
clear. The difference in density between the various tissues, healthy and 
diseased, is hardly sufficient to explain the great variation in the changes 
elicited. Schultz, however, has shown that such variations in specific 
gravity as .01 will cause sufficient variations in the absorption coefficient 
to he demonstrated upon the photographic plate. If the selective action 
depended entirely on specific gravity, deeper tissues, having a specific 
gravity greater than the skin, could bo successfully treated through the 
skin without injury to the latter. Such a radiosensitive organ as the 
spleen has, for instance, a specific gravity two hundredths (.02) of a 
per cent, lower than that of the skin. The ovary at puberty, on the other 
hand, has a specific gravity of .02 higher than the skin. Until the fac- 
tors of the absorjitive power of the tissues are understood, tlie selective 
property of the ray cannot be predetermined. Tlie true explanation is 
probably to be sought for in tlie varying atomic, or subatomic makeup of 
the tissues. 

While we can in a measure control and reinforce tlie selective action 
especially by varying the penetrating power of the ray, attempts have 
been made to directly sensitize tlie tissue under treatment to the X-ray. 
Radiosensitive drugs, such as eosiu, fiuoroscin, which fluoresce under the 
influence of the ray, have been tried, with uncertain results. Schmidt 
has recently shown that hypcremic tissues gain in sensitiveness. In treat- 
ing deep lesions, and it is chiefly in deep therapy that the necessity for 
such increased susceptibility exists, lie induces hyperemia in the tissues 
under treatment by the application of the high frequency current, before 
irradiation. He applies the method to superficial tissue's, also inducing 
hyperemia in them by exposure to an incandescent or mercury vapor 
lamp. It would thus sewn to follow that radiosensitiveness and ab- 
sorptive power of tissues are not entirely synonymous. The coefficient 
of absolution of a tissue is but one factor in the determination of its radio- 
sensitiveness. The other factor is the inherent character of the cell itself. 
Since we cannot influence the latter factor, we must favor the selective 
action of the X-ray by utilizing the former. 

The secret of efficient therapy is to supply to the cell under treatment 
the kind of rays which it can best absorb. It is of such vital importance 
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and so often neglected that some concrete proof of the varying therapeutic 
action of X-rays of varying velocities will he given. If a superficial tu- 
mor has a low specific gravity, repeated heavy doses from a hard tube 
Walter 7-8 may not influence it at all, whereas a few treatments from 
a low one (2-3 Walter) may accomplish the desired result. Other things 
being equal, the softer the rays the more will be absorbed. But soft 
rays have comparatively little penetrating power. Hence, unless the 
tumor be thin, the rays will not reach its deeper parts. The percentage 
of the superficial intensity which reaches 1 cm. beneath the surface of 
water when tubes of different degrees of hardness are used is shown in 
the following table: 

Walter — 3 33 per cent. 

4 40 per cent. 

5 50 per cent. 

6 60 per cent. 

As a general rule, it may be said that, in order to facilitate absorp- 
tion, the rays should be as soft as is consistent with thorough penetra- 
tion and safety to overlying tissues, unless it is attempted to give “homo- 
geneous irradiation” (the theory of which is not widely accepted) ; in 
which case the hardest possible rays are employed. 

The Latent Period. — The action of the X-ray upon living tissues is 
characterized by a certain lapse of time between the exposure and the 
appearance of demonstrable tissue changes. This time, which elapses 
between the irradiation and the demonstrable change, is known as the 
“latent period.” The latent period varies from a few days to three weeks. 
The first skin change evident after efficient irradiation is termed an 
“X-ray reaction.” The term reaction usually refers to changes in the 
skin, but may be properly applied to deep changes as well. In a general 
way, it may be said that the latent period bears a direct relation to the 
amount of X-rays absorbed. The greater the amount of X-rays absorbed 
the shorter the latent period, and vice versa. Furthermore, the degree 
or type of reaction is inversely proportional to the latent period, and, of 
course, directly proportional to the amount of X-rays absorbed. The 
“latent period,” therefore, is a most important consideration in Boentgen 
therapy, and the length of the period is of prognostic moment as to the 
severity of reaction which is to follow. The generally accepted frac- 
tional-dose method of therapy distributes the dose over a period of time 
which equals or exceeds the latent period, and the time of the appearance 
can be continuously watched for and the dosage graduated accordingly. 
The typical reaction consists of an erythema which lasts a variable length 
of time — a few days to several weeks — and disappears, leaving some pig- 
mentation. Severer grades of reaction may go on to an X-ray burn. 
A visible skin reaction is always to be avoided, if possible, in deep therapy, 



516 


X-BAY THEKAPY 


but is often essential to the success of superficial irradiation. A vigor- 
ous reaction during a course of deep treatments may necessitate cessation 
of exposures and failure. Whether a skin reaction occurs or not, the 
lapse of a certain latent period must precede any curative effect, whether 
superficial or deep. This peculiar slow action of the X-ray upon the 
living tissues is often a disadvantage when, because of urgent symptoms, 
a prompt change is desired. 

In explanation of this peculiarly sluggish action of the X-rays many 
theories have been advanced. It is probable that alteration in cell metab- 
olism, varying in degree with the radiosensitiveness of the type of cell, 
begins immediately after the absorption of tbo X-rays. This change 
progresses slowly toward degeneration and necrobiosis. Tt is only after 
a cei’tain progress has been made that demonstrable tissue changes re- 
sult. The more resistant cells recover before undergoing degeneration. 
When the disturbance in the local tissue metabolism gives rise to irritat- 
ing and toxic decomposition products, the blood vessels become congested 
and a typical inflammatory reaction results. The liberation of cholin 
has been claimed by some investigators to be the cause of the inflammatory 
reaction. When egg yolk is irradiated, the lecithin is decomposed. The 
decomposition products, when injected into animals, produce in the skin 
necrosis and alopecia, in the testicles atrophy, in carcinoma and sarcoma 
softening. Cholin has a similar effect experimentally. 

“Early” Reaction. — It has been often observed thal, from a few hours 
up to forty-eight hours after an exposure, a peculiar redness of the skin 
may develop. This occurs most commonly after a heavy exposure. There 
may be itching, burning, and a slight erythema, resembling somewhat 
the true reaction. This early effect has been formed the “curly” reaction 
or “preliminary” reaction. It differs from the true or late reaction in 
that there is no long latent period, that it is very transient, lasting only 
a few days, and that it never results in a true Uoentgen dermatitis or 
the characteristic alopecia of the true reaction. It has, therefore, no 
clinical or prognostic significance, and need cause no alarm or cessation 
of treatments. It is believed to represent the reaction of certain more 
sensitive blood vessels to the degeneration products of irradiated cells. 

“ Cumulative Action.” — The late appearance of the X-ray tissue 
changes, often the sequence of a long series of small exposures, has given 
rise to the term “cumulative action” of the X-ra t y. Although slow in 
beginning, the changes induced by irradiation are much slower in sub- 
siding and ceasing. If such a cumulative action did not exist, and if 
the effect of each dose passed off rapidly, mild exposures continued over 
a considerable period of time could never accomplish anything. The 
effect thus accumulates in the cells until the maximum of tolerance or 
the saturation point is reached, and then the reaction occurs. A heavy 
exposure given a leukemic patient may produce a slow reduction of white 
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cells extending over several weeks. A full dose producing a vigorous 
reaction in a superficial epithelioma may result in a complete healing of 
the growth without further attention, although the process may extend 
over several months. This peculiar attribute of the ray may add to the 
convenience of X-ray therapy. For an efficient dose may be given over 
a period of a few days or a week, and the patient allowed to return home 
to await the reaction. Or, when patients live at a distance and frequent 
treatments cannot be given, one massive dose may be given every three 
weeks. 

Theory of Personal Idiosyncrasy. — In order to explain the severe re- 
action occurring occasionally when the dosage did not seem excessive, the 
existence of an X-ray idiosyncrasy was claimed. As the therapeutic tech- 
nique became better developed, evidences of idiosyncrasy became more 
infrequent. To-day its existence is denied by the best authorities. Such 
an idiosyncrasy would, of course, greatly impair the value of the methods 
of measuring dosage which are based upon the “erythema dose.” X-ray 
effects which seem unusually severe for the supposed dosage administered 
can usually be traced' to some inaccuracy in one or more of the factors 
determining dosage. The supposed existence of an idiosyncrasy has some 
significance from a medico-legal standpoint. While injury from Koent- 
gen therapy is rare when given by competent operators, yet even the most 
experienced radiologist may occasionally produce unintentional effects, 
usually the result of an error in judgment. To forestall any such claim 
for personal liability in such accidents, some recognized system of tech- 
nique should be followed, including a careful estimation of dosage. Com- 
plete records of the details of the treatment should be kept. Since the 
estimation of total dosage has numerous factors, such claims that the 
tube was placed too close to the skin, or that the time of exposure was 
excessive, can be shown to be invalid. When the condition under treat- 
ment is desperate, as, for example, inoperable carcinoma, intentional over- 
dose may be sometimes justified. Injury to surrounding tissues due to 
failure to properly protect them from irradiation is always culpable. If 
the operator leaves the room during the exposure, the time of exposure 
should be controlled by an automatic time-switch, or an assistant or nurse 
should be left in charge. In either case the tube, meter, and patient should 
be observed at intervals from the protected booth or from an adjoining 
room. 

X-ray Toxemia. — Of great clinical importance is the occasional oc- 
currence of X-ray toxemia. The toxemia is directly traceable to the pro- 
teid disintegration incident to irradiation. While frequently so mild as 
to be unnoticed, it occasionally becomes so severe as to necessitate cessa- 
tion of X-ray treatments, and the institution of general medical measures 
to control the same. When a large tumor mass to be disintegrated lies 
on the surface, much of the cellular debris may be discharged externally; 
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but, if the mass is deeply situated, the blood and kidneys must dispose 
of the degenerative products. The symptoms of the toxemia are, in the 
mild cases, simply a little malaise, headache, and pain in t-lie limbs. In 
the more severe cases there are a rise of temperature, constipation, foul 
breath, and leukocytosis. The kidneys are affected chiefly and the urine, 
therefore, is the best indication of the condition. It may show all the 
changes, from a transient albuminuria to those of an acute nephritis. 
In the debilitated and aged such toxemia may be of grave import, while 
in the young and vigorous it is usually not a serious matter. The urine 
should always he watched in treating large areas, in giving deep treat- 
ments, or in treating such a general state as leukemia. Aside from the 
great clinical importance of these changes, the condition of the urine 
may be often taken as a guide in determining the amount of irradiation 
which the patient can tolerate. Fever and increase of nitrogenous con- 
stituents of the urine are the characteristic features of an X-ray toxemia. 

Accompanying the symptoms of such toxemia there sometimes occurs 
(1 in 100 reactions — Ilolzkneclit) a diffuse erythematous or papuloerythe- 
matous eruption. This eruption has been termed the “Roentgen exan- 
thema It may he local or general, and frequently starts from the area 
under treatment, and is usually transient in character. Such an exan- 
them, as well ns the toxic symptoms, will occasionally result from very 
light irradiation. Severe; intoxication may develop without the visible 
skin reaction. 

The effects of the X-rays upon the body may he manifested in either 
the superficial or deep structures. 

Effects on the Skin 

In the skin three types of changes may occur: 

1. Acute Roentgen dermatitis. 

2. Chronic Roentgen dermatitis. 

2. Late changes and sequelre in irradiated areas. 

Acute Dermatitis. — The acute dermatitis develops after a latent pe- 
riod of 2 to 28 days. Four stages have been outlined by Iloltzkneclit. 
In the first degree reaction there are temporary alopecia and some super- 
ficial desquamation without redness or visible signs of inflammation. Such 
a change may he accompanied by a resorption of pathological tissue, 
disappearance of psoriasis patches, etc. 

In the second degree reaction there is hyperemia of the skin with 
erythema, itching, infiltration, feeling of heat and tension, sometimes 
pain. As it subsides it leaves behind a slight brownish pigmentation 
and desquamation, followed by restitutio ad integrum. 

The third degree reaction is characterized by an intense bluish-red 
erythema with swelling, bleb formation, exudation, and excoriation of 
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the skin, with partial destruction of papillse, sweat, and sebaceous glands. 
There may be apparent restitutio ad integrum, but usually the resulting 
area is covered by a thin, dry, irregularly pigmented skin which, after a 
variable time, may be the seat of the late changes and sequelae. The 
process when active is very painful. 

The fourth degree reaction or deep burn is preceded by the changes 
outlined above, and results in an ulcer which for its base may have the 
subcutaneous tissues, the muscle, or even the bone. The ulcer is exquisite- 
ly painful, and the resulting cicatrix, if indeed the ulcer closes over at 
all, is contracted, atrophic, deforms the surrounding area, and is fre- 
quently the seat of later secondary changes. 

In mucous membranes a somewhat similar series of changes may occur 
with redness, swelling, bleb formation, and ulceration. The conjunctiva 
is especially sensitive, and often reacts to very small doses. 

This series of changes is not necessarily connected with X-ray ther- 
apy. The most profound therapeutic effects may be elicited without caus- 
ing any reaction. If, however, a reaction accompanies the irradiation, 
either intentionally or accidentally produced, it should not progress be- 
yond a reaction of the second degree. The clinical history and pathology 
of the severer grades of reaction and their possible sequelae furnish the 
classical conception of the action of the X-ray upon the skin. 

The changes may be characterized in a general way as sluggish. Their 
course is one of weeks, months, or even years, rather than of days. There 
is a slow development, an acme, and a slower decline. The more severe 
the exposure the shorter the latent period, the more rapid and acute the 
acme, and the slower the decline. The X-ray ulcer is indolent, exudes a 
profuse serous or seropurulent discharge, and is painful beyond all bounds. 
The severe ulcers tend to cover over with thick sloughs, which adhere 
tightly and remain unchanged for months. If separated, another and 
deeper one may form. In the more favorable cases the ulcer is covered with 
an irregular grayish membrane, and around the edges there is beginning 
healing. The process of cicatrization is slow in tlie larger ulcers, but 
much more rapid in the small areas. The resulting fresh scar is thin, 
smooth, and often milk-white, and altogether so characteristic that it can 
readily be differentiated from scars of other origin. Later, contraction 
may occur and the scar is then not unlike that following ordinary burns. 

Chronic Dermatitis. — The chronic Roentgen dermatitis is seen chiefly 
in X-ray operators or technical workers, and is the result of the summa- 
tion of a great number of very small X-ray exposures extending over a 
period of years. It does not commence abruptly, as do the acute types, but 
very insidiously. The clinical picture is that of a slowly developing 
hyperkeratosis without any accompanying inflammatory reaction. It oc- 
curs chiefly on the hands, sometimes on the face, as a peculiar dryness 
and rigidity of the skin. The normal folds become accentuated and a 
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slight hyperemia may he noticed, followed later hy a brownish pigmenta- 
tion. The nails may show longitudinal streaks. There may he a sensa- 
tion of heat, itching, or pricking. Finally, with atrophy of the sebaceous 
glands, the condition of hyperkeratosis begins. The skin becomes uni- 
formly dry, loses its subcutaneous fat, and becomes tightly stretched over 
the underlying parts. The nails become britllo and deformed, and may 
be lost and replaced by a thick keratosis. Then localized hyperkeratoses 
may appear upon a tender infiltrated base. The keratoses reappear as 
soon as removed, often ulcerate, or form painful fissures. Slight trauma 
causes fresh ulceration, and so the process progresses either to malignant 
degeneration or to healing, especially if the keratoses are freely excised, 
with the formation of atrophic scars. 

Late Changes. — The possible late changes in irradiated areas are of 
especial clinical importance. The pigmentation is not of special sig- 
nificance. The early pigmentation due to deposition of hemosiderin crys- 
tals disappears readily. The late pigmentation occurring in the scars 
may last for months or years, and is due to a migration of pigment from 
the degenerated epidermal cells into the cutis, where it increases. 

Alopecia may he temporary, following a first or second degree reac- 
tion, or permanent, following the severer reaction. Temporary alopecia 
is an accompaniment of a full erythema dose. However, repeated mild 
reactions may lead to atrophy of the hair follicles and permanent loss of 
hair. Regeneration of hair following the mild reaction begins in 6 to 8 
weeks. Usually the hair returns in its natural color and abundance. Oc- 
casionally, however, it may he coarse and of a different shade. 

Atrophy of the skin is a possibility to he borne in mind when super- 
ficial treatments are extended over a long period, especially if repeated 
reactions are produced. The technique of deep therapy efficiently guards 
against such a sequel. Only after such severe superficial treatment as, 
for instance, would he necessary in lupus need it be feared. 

This atrophy is almost always accompanied hy telangiectases, dilatation 
of the preexisting capillaries of the superficial capillary network. They 
develop only after a considerable lapse of time, usually long after the re- 
action has subsided. 

Malignant changes in the atro]3liic skin and seal’s following either the 
acute or chronic Roentgen dermatitis have occurred in a certain percen- 
tage of the older severe cases. These changes have partaken of all the 
characteristics of carcinomata, and, in some cases, when not excised early, 
have resulted in metastases and death. The term “X-ray cancer” has 
been applied to the condition, from which the faulty inference is often 
drawn that the X-ray causes cancer. Roentgen carcinoma does not dif- 
fer from any other skin cancer histologically, and does not represent a 
distinct clinical entity. Malignant change in areas of lowered vitality 
combined, perhaps, with chronic irritation is a common clinical observa- 
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tion. Irradiated areas in which these malignant changes develop are 
simply areas of lowered resistance. The X-ray produces the dermatitis 
in which the malignant changes develop, and, therefore, hears only an 
indirect etiological relation to the cancer. Any one of the commonly ac- 
cepted theories for the causation of cancer may apply to the malignant 
degeneration of an X-ray burn. The possibility of “X-ray cancer” de- 
veloping as a sequel to modern X-ray therapy is an extremely remote one, 
since the severe acute and the chronic Roentgen dermatitis should never 
occur. Some cases have developed, however, in connection with long-con- 
tinued irradiation of lupus. When we consider the obdurate and danger- 
ous nature of lupus, the necessity for the most heroic measures to cure 
it, and the not infrequent development of malignant disease in old lupus 
areas which have not been exposed to the X-ray, the possibility of Roent- 
gen cancer is not a contraindication to vigorous and long-continued irradi- 
ation. 

Histological Changes in the Skin. — The histological changes on the 
skin as a result of the absorption of Roentgen rays may he summed up 
as follows (Seholtz) : The X-rays affect chiefly the cellular elements 
of the skin, which undergo a slow degeneration. The fibrous and elas- 
tic tissue, the muscles, and cartilage are only slightly or not at all affected, 
and suffer chiefly as a secondary result of the cell degeneration and the 
accompanying inflammatory reaction. The glandular structures of the 
skin and the blood vessels are attacked less vigorously than the dermal 
cells. When the degeneration which attacks nucleus as well as cell proper 
reaches a certain grade, an inflammatory reaction occurs with dilatation 
of vessels, infiltration of leukocytes, etc. 

The changes in the smaller and larger vessels are of considerable im- 
portance. When the absorption of X-rays has reached a certain grade 
there are degeneration and proliferation of cells, especially of the intima, 
and, to a less extent, of the media, which may result in a complete oblit- 
eration of the lumen of the vessel. Formation- of new vessels which have 
more or less imperfect walls may occur. This imperfect blood vessel 
formation is probably a factor in the causation of the sluggish and im- 
perfect repair following X-ray injury. 

Effect on Deep Structures 

The Blood. — Of the deep organs the blood and lymphoid regions are 
most easily affected, furnishing the most perfect examples of true selec- 
tive action. The influence of the ray upon the blood and lymphoid tissues 
is many times more rapid and more vigorous than upon the skin. In- 
deed, surprisingly small doses may cause profound changes in the blood 
and blood-forming organs. The changes are especially characterized by 
their rapid development, the latent period in some instances being as 
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short as two hours, and rarely longer than twenty-four hours. The 
changes may be complete in three or four days, and complete restoration, 
to normal may occur within a week. 

The changes in the blood result from direct exposure of the blood 
mass itself, as well as from exposure of the blood-forming organs, the 
character of the changes, however, varying in certain details. 

The influence of the ray upon the blood has been established, both 
experimentally and clinically. The work of ITeinieko ( 1 90 4-) upon mice 
and guinea-pigs forms the classical experimental basis, although his find- 
ings have been verified and amplified by many later observers. Studies 
upon irradiated blood in connection with leukemia have formed the chief 
clinical verification of the X-ray blood changes. 

A few hours after the general irradiation of animals there is noticed 
rapid increase in the white elements of the blood, which differential count 
shows to be due entirely to the polymorphonuclear elements, a true leuko- 
cytosis. Rut the lymphocytes, both small and largo, are greatly dimin- 
ished. Therefore, with the leukocytosis there is a lymphopenia. This 
special action upon the lymphocytes is in accordance with the selective 
influence of the ray upon the younger and more embryonal types of cells. 
The leukocytosis is explained as a positive eliomotuetic effect of the cliolin, 
the disintegration product of the destroyed leukocytes. After a few hours, 
if some of the blood-making organs are included in the irradiation, the 
blood picture again changes. There is now a leukopenia, both poly- 
morphonuclear forms and lymphocytes undergoing reduction, although 
the latter suffer the greatest relative reduction. This leukopenia is the 
characteristic X-ray influence upon the blood. Its duration and degree 
will vary with the number and severity of the exposures. If the expo- 
sures are discontinued, rapid regeneration follows. 

In six to seven days after the exposure the normal blood picture is 
usually restored. When, however, the exposures are confined simply to 
the blood stream and do not include the blood-forming organs, there is 
lymphopenia, but usually no leukopenia, and the normal blood picture 
.may be restored in twenty-four hours. It follows that, in order to pro- 
duce a marked reduction in both forms of white cells, the spleen, hone 
marrow, and lymphatic glands must be included in the irradiated areas. 

In contrast to the radiosensitive white cells, the red cells are very 
resistant. Only after the most severe exposures are they affected, in 
which case there may be degenerated and nucleated forms found in the 
blood. In the ordinary therapeutic applications of the ray, either for 
the reduction of white cells or other effect, no change in the red cells 
or hemoglobin need he feared. In treating the blood and blood-forming 
organs, the dose should always be less than the erythema dose. 

Blood-forming Organs. — A summary of the Roentgen influence upon 
the blood-forming organs may be found in the experimental work of War- 
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thin, who showed that the Boentgen rays have a selective action on lymph- 
oid, myeloid, and epithelial cells, causing nuclear disintegration, fatty 
degeneration, and necrosis, which may he followed by secondary fibro- 
blastic endothelial proliferation. 

Spleen . — The spleen is the most sensitive of the blood-forming organs. 
In irradiated animals the spleen shrinks rapidly, and on post-mortem 
examination appears shriveled and of a dark brown color. Microscopical- 
ly there is a great increase in the normally scant pigment. The Mal- 
pighian bodies are very small and the cell content of the pulp much 
decreased, the pulp appearing rarefied and porous. This disappearance 
of lymphocytes and disintegration of lymphocyte nuclei may progress 
until practically all of the lymphoid tissue is destroyed. 

Lymph Glands.- — The changes in lymph glands and intestinal lymph 
follicles are likewise characterized by shrinking and disappearance of 
the lymphoid elements. The thymus reacts in a similar manner. 

Bone Marrow. — The changes in the bone marrow are expressed in 
the degeneration of its specific cells. The lymphocytes are first affected, 
then, in order, the non-gr anulat e d mononuclears, the eosinophil es, the 
mast cells, and, lastly, the myelocytes and polymorphonuclear neutro- 
philes. 

Of extreme practical importance in the irradiation of the hlood and 
blood-forming organs is the fact that there is always evidenced a strong 
tendency to regeneration, which usually appears immediately after the 
exposures, rapidly repairing the damage done by the irradiation. The 
reparation is complete, unless the changes have been pushed too far. This 
same tendency to return to the statue quo ante is also manifest in treating 
abnormal conditions of these organs, which explains the great frequency 
of the recurrences of symptoms and the difficulty of producing perma- 
nent changes by irradiation. 

The Liver. — The liver is extremely resistant, intense irradiation pro- 
ducing no evidence of any change in the cellular structure of the organ. 
However, in newborn and adolescent animals marked changes which in- 
crease in inverse ratio to the age of the animal have been produced. 

The Kidneys. — The renal epithelium is very resistant to X-ray expo- 
sures. Very heavy doses (3 or 10 times the erythema dose) applied 
directly over the kidney produce, in animals, a degeneration of the renal 
epithelial cells, with later fibrous overgrowth following the inflammatory 
reaction, so that the picture of an interstitial nephritis is produced. With 
the usual therapeutic or diagnostic exposures in man, no direct action 
upon the kidney need be feared. 

Kidney changes produced in a different way, however, accompany 
irradiation of any part of the body. It was early observed that long ex- 
posures (four to five hours) result in death in small animals (rats, guinea- 
pigs, etc.) in from three to ten days, with symptoms of paresis and coma. 
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Exposures of small animals for one-luilf hour produce, first, slight nuclear 
changes in the renal epithelium, followed later by cloudy swelling and 
albuminuria, the degree of which hears a direct proportion to the amount 
of lymphoid destruction produced. In the animals exposed continuously 
until death more marked renal changes have been observed, the renal cells 
being diminished in size and cloudy (Warthin). In man therapeutic 
irradiation in certain pathological states, as leukemia and carcinoma, 
may be followed by general toxic symptoms and the urinary changes of 
an acute nephritis. It is apparent that the toxemia and renal changes 
are the result of the excessive strain upon the kidney in further decom- 
posing and excreting the products of protein destruction. The urine in 
these eases may show, in addition to the signs of acute nephritis, de- 
crease in the uric acid output. It is, therefore, believed that the in- 
toxication incident to irradiation is the result of a sudden overwhelming 
of the organism with disintegration products. Early the intoxication 
may be due to alterations in metabolism produced directly by the disin- 
tegration products in the blood, and the urine may show no change. La- 
ter, however, the integrity of the kidney may become impaired and the 
intoxication may become more severe. Such an irritation of the kidney 
is all the more probable when we recall the fact that the action of the 
X-ray upon the glandular organs varies directly with their protoplasmic 
and metabolic activity, and that tlio nuclear substance is first attacked, 
liberating a class of decomposition products which are of themselves 
toxic and difficult to metabolize and excrete. 

The practical conclusions to be drawn are that X-ray disintegration 
of proteid, and especially lymphoid material, may injure the kidney. 
Therefore, when there is present an infectious or metabolic intoxication 
or a preexisting kidney lesion, X-ray exposures must be cautiously given. 
In the absence of these conditions, however, no such complication need 
be feared in administering the ordinary therapeutic irradiation. 

The fact that such alterations in metabolism as outlined above may 
occur, and the fact that the X-rays act so energetically upon the blood and 
blood-forming organs, brings up tlie question whether the ordinary thera- 
peutic exposures may not injure the blood or blood-forming organs, as 
well as the kidneys. It must be remembered that tlie profound blood 
changes previously described were observed either in small animals ex- 
posed to excessive doses over the entire body, or in leukemic patients in 
whom there already existed a pathological blood condition, rendering them 
especially susceptible to X-ray influence. After a series of experiments 
made to determine whether repeated localized exposures may produce 
any such undesirable effects, Peters concludes that the repeated irradia- 
tions of localized pathological conditions in man are not followed by 
appreciable injury to blood-forming organs or kidneys, when these organs 
are protected from direct radiation. Allowance must be made for the 
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fact that the exposures employed in experimentation upon small animals, 
whose body weight is but a fraction of that of man, are, in proportion 
to body weight, many times larger than ever given therapeutically to man. 

Sexual Organs. — Of especial interest and importance is the influence 
of the X-ray upon the sexual glands, testicles, and ovaries. Experiments 
upon the testicles of guinea-pigs and rabbits carried out by Albers-Schon- 
berg (1903) showed that X-ray exposures to the testicles rendered the 
animals sterile, and caused characteristic microscopic changes in the tes- 
ticles. These experiments first called attention to the action of the X-ray 
upon the deeper glandular organs, and opened the way for deep Roentgen 
therapy. It further suggested the analogous action of the X-ray upon 
the ovaries, and thus led to the employment of irradiation in certain 
gynecological conditions. 

The changes occur essentially in the germinal epithelium of the tes- 
ticles. In small animals the earliest changes were elicited by one-third 
of the erythema dose. Complete sterilization was produced by larger 
doses up to twice the erythema dose. The progress of the degeneration 
is recorded in the seminal fluid. At first there is some decrease in the 
number of spermatozoa (oligospermia), then many dead or dying sper- 
matozoa appear (necrospermia). Finally the seminal fluid shows only 
a few or an entire absence of any reproductive elements (aspermia). 

The histologic changes are found to involve chiefly the spermatogenie 
cells, producing, first, an inhibition of spermatogenesis, then a degenera- 
tion, which is not uniform and rarely complete. In the degenerated 
areas there are always seen intact cell groups. The connective tissue 
elements are unaffected. There may be connective tissue proliferation, 
however, following the destruction of the parenchyma. Regeneration, as 
a rule, follows quickly after the cessation of exposures, starting from 
the scattered uninjured areas, and, unless the exposures have been ex- 
cessive, normal spermatogenesis is again established. The spermatozoa 
are very resistant and arc affected only after sufficient radiation has been 
given to completely destroy the germinal epithelium. 

This series of changes, as confirmed experimentally in animals by 
many observers, may occur in all its details in man. It was first ob- 
served clinically by Phillip (1904), who intentionally sterilized a tuber- 
culous patient. Brown and Osgood (1905) found oligospermia or as- 
permia in 18 technical workers. Since then there have been numerous 
confirmatory reports from many radiologists, who, after one to five years 
of X-ray work, noted an absence of spermatozoa in the germinal fluid. 
This X-ray sterility was found to occur only in the earlier workers, in 
those who were engaged in X-ray work before the necessity for protective 
measures and the adequate means of carrying out the same were generally 
known. Since the development of the technique of protection from the 
ray such injuries to X-ray operators have become rare. Of extreme sig- 
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nificauce is the fact that, in practically all of the cases of sterility reported 
(including flic IS original cast's of Brown and Osgood) in which the sub- 
sequent history has been followed, the sterility has disappeared in from 
six months to two years after either giving up X-ray work entirely or 
after observing the usual measures for protection. The fact that the 
changes in the germinal epithelium are, as a rule, temporary, and are 
followed by active regeneration, and the* fact that Simmonds exposed 
small animals to the' secondary radiations such as are developed in the 
average Eoentgen laboratory for one year without producing demon- 
strable changes in the testifies, is reassuring to those actively employed 
with the Orooke’s tube. It is the consensus of opinion that the recognized 
protective 1 precautions will guard the radiologist from such injury. This 
peculiar action of the X-ray upon the testicles is important from two 
clinical aspects. Can the usual therapeutic irradiations he carried out 
without injury to the testicles? Is it possible and practical to employ 
X-ray exposures to produce sterility? AY it li proper technique injury to 
the testicles coincident, to X-ray exposures of oilier parts of the body 
should never occur. The testicles should always he protected from the 
direct -rays by a ray-proof covering, and from strong secondary rays as 
well. If direct exposure to the scrolnm is absolutely essential, the pos- 
sibility of such testicular changes should he explained to the patient. 
It is, however, not practical to produce sterility by X-ray exposures. 
While it is possible to destroy the entire spermatogenic epithelium by 
irradiation, llie dose required would seriously injure the overlying skin. 
It has been shown that the cells nearest the source of the rays are chiefly 
affected, and that the deeper cells usually escape. Therefore, unless the 
dose he excessive and dangerous, there would ho rapid regeneration fol- 
lowing the exposures. Furthermore, the spermalozoa preexisting in the 
tubules would not he affected by the usual therapeutic doses of the X-ray, 
which further precludes the practicability of producing permanent in- 
tentional sterility. Tlie action of the X-ray upon the ovaries will he 
discussed in connection with the special X-ray treatment of uterine myo- 
mata. 

Nervous System. — The nervous system is but. slightly influenced by 
irradiation. It is true that small animals and especially the young of 
these animals may he killed in three or four days by excessive X-ray ex- 
posures. Wartkin found that continuous exposures of five hours or more 
are fatal in ten days to mice, guinea-pigs, etc. The terminal symptoms 
may he convulsions, paralysis, and coma. Whether such symptoms are 
due to direct action upon the nervous system is doubtful. The progres- 
sive development of the symptoms suggests rather an intoxication from 
the products of protein destruction. i\o constant histological changes 
in the central nervous system following X-ray exposure have been es- 
tablished. 
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In man the nervous phenomena following X-ray exposures are ex- 
tremely rare, only a few scattered reports of headache, sleeplessness, etc., 
have been recorded. The brain tissue and cord are apparently very re- 
sistant to irradiation. Furthermore, they are well protected by a heavy 
bony covering. JSTo cerebral symptoms have been noticed even after the 
most prolonged series of treatments about the head. The nervous symp- 
toms occasionally attributed to irradiation occur for the most part in 
neurotic individuals, and are undoubtedly of hysterical origin. That 
the X-ray may, however, effect pathological conditions in the nerve tis- 
sue is evidenced by the successful X-ray treatment of syringomyelia. 

The Eyes. — The action of the ray upon the eye has been much dis- 
cussed. Intense irradiation of the head of small mammals produces se- 
vere conjunctivitis and superficial keratitis. V'-»ry heavy doses, up to 
eighty times the erythema dose, produce iritis, degeneration of the retina, 
and optic atrophy. 

A few reports of changes following irradiation of the human eye have 
been recorded. The changes have been found in the choroid and retina. 
In contrast to tho few recorded cases of ocular changes following thera- 
peutic X-ray exposures is the almost imiform experience of radiologists, 
that the region of the eye can be irradiated for months without injury. 
Belot, Kienbock, and others report large series of successful irradiations 
of lupus and carcinoma about the clieeks, eyelids, and orbits without 
producing any demonstrable impairment of vision. The results of ex- 
perimentation upon small animals cannot he applied directly to man, for 
reasons that have been previously mentioned. The possibility of such 
injury, however, should always be guarded against by employing all prac- 
tical methods of protection, and the irradiation of the region of eye and 
orbit should be directed with great, caution. The danger of untoward 
effects following conservative irradiation is not tangible enough to pre- 
clude or interfere with such X-ray therapy about the eye as may he in- 
dicated. The human conjunctiva reacts very quickly to X-ray exposures, 
and the treatment may be often interrupted by a violent conjunctivitis. 

Effect oft Tissues of Young Chiudben and Embryos 

Since the X-rays in large doses cause interference with lcaryokinesis, 
atrophy, and degeneration of the cells of adult tissues, it follows that 
the tissues of young individuals and embryos will be similarly and more 
intensely influenced. A more intense effect is to be expected because of 
the selective action of the rays upon young and rapidly proliferating 
cells. 

A variety of animal experiments hears witness to this action. In 
young animals the X-ray inhibits proliferation and stunts the development 
and growth. Exposure of newborn rabbits caused stunted general de- 
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velopment, as compared with unexposod controls. Exposure of one wing 
of a young chick caused imperfect development of feathers. Of especial 
interest is the inhibition or interference with osteogenesis. The fore legs 
of young animals were restrained in growth by irradiation, remaining 
much shorter than the hind legs. Tin 1 development, of internal organs 
is likewise interfered with by irradiation. X-ray exposures of the head 
of young animals not only retard the local development, but produce 
disturbances of growth in all parts of the body. 

The effect of the X-rays upon fertility and embryonal development, 
as studied experimentally, is a profound one. Irradiation of small mam- 
mals before or immediately after pairing reduces the percentage of con- 
ceptions. In tlie early stage of pregnancy X-ray exposures may produce 
resorption of tlie ovum or abortion. In the later stages of pregnancy 
irradiation tends to prolong tlie period of gestation. The litter born un- 
der such conditions may be healthy, but, smaller in number than usual, 
or the young may die immediately or a few days after birth. Again, the 
litter may be stillborn and macerated. Intense exposures seem to kill 
the embryos, while milder exposures impair the viability of the young. 
In some few instances certain congenital defects or variations were pro- 
duced. By prenatal irradiation von Hippol produced cataracts in young 
rabbits. Here again the analogy between the experimental results upon 
small animals and the clinical effects in man must not be too closely 
drawn. Aside from the excessive dosage in proportion to body weight 
administered in the experiments, the fact that the rule of proliferation 
and growth of the young of small animals is much more rapid than in 
man accounts for tlie more profound influence of the X-rays upon the 
reproductive processes of these animals. .Nevertheless, much caution 
must be observed when exposing very young children and pregnant women. 
It has been positively proven that sterility cannot, lx; produced in women 
by ordinary therapeutic exposures. Likewise, many X-ray examinations 
undertaken to diagnose pregnancy from tilt* radiograph have produced 
no demonstrable effect either upon the period of gestation or upon the 
child. Irradiation of small infants (under one year) for the reduction 
of an enlarged thymus has not resulted in any untoward after-effect, as 
far as the cases have been followed, and one child so treated is now over 
five years of age. The largo series of children treated by Saboureaud, 
Belot, and Bordier for tinea and favus of tlie scalp have in no instance 
shown undesirable mental or physical effects. As a general rule, how- 
ever, unless the condition is urgent, it is preferable to wait until tlie 
child is 8 to 10 years of age before administering X-ray therapy. 

A committee from the German Roentgen Society, appointed to in- 
vestigate the possible effects of X-ray exposures upon tlie physical de- 
velopment of children, makes the following report (April, 1910) : “To 
the inquiries, 119 replies were received. X-ray examinations of young 
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children were generally believed to be harmless. Only five cases of in- 
terference with growth following X-ray therapy could be gathered. The 
committee concludes that the danger of injury to young children is very 
remote. Repeated X-ray examinations and the usual therapeutic applica- 
tion may be regarded as absolutely safe. Very heavy doses, which would 
cause other injuries, such as deep burns, etc., may inhibit development, 
but such heavy exposures are not justifiable, and such injuries should 
never occur.” 


Effect ox Bacteeiae Life 

A question much discussed in the early part of the Roentgen era, 
but now rather definitely settled, is the action of the X-ray upon lower 
forms of life. Many experimenters have tested the i nfl uence of irradia- 
tion upon bacterial cultures, with almost uniformly negative results. 
Some few reports note an inhibition of the growth of certain types of 
bacteria, but all are very resistant to irradiation and can be destroyed 
only by enormous doses. Since such large doses would produce irre- 
parable damage to the human tissues, the bactericidal action of the X-rays 
from the clinical standpoint is practically negligible. The same holds 
true for the pathogenic fungi and protozoa. The curative action of the 
X-rays in certain infections may be attributed either to a stimulation of 
tissue cells, or to an impairment of the tissues as culture media. 


X-RAY THERAPY OP SPECIAL CONDITIONS 

The Roentgen therapy of special conditions cannot be adequately dis- 
cussed in these few pages, for there is no other one remedy applicable to 
the treatment of such a wide variety of diseases. Especial stress has been 
put upon the principles of technique and upon the biological action of 
the X-ray on the human tissues, upon which the indications for its use 
may be based. While of great value in the treatment of many diseases, 
the X-ray is a specific in but a few. In a majority of properly selected 
conditions the X-ray will, however, bring about a cure unaided. In 
many others it must be assisted by certain local and general measures. 
Again, the X-ray may be simply an adjuvant to other forms of treat- 
ment. It is to be regarded as one form of therapy with certain limita- 
tions as well as indications. Its rational application will not infrequently 
yield results obtainable in no other way. When indicated, it should be 
used at once, and boldly* Most of the conditions referred for X-ray treat- 
ment are usually very chronic ones which have been previously subjected 
to every other known form of therapy. Hence, X-ray therapy must be 
judged with the same tolerance as other remedies. There will be a cer- 
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tain per cent, of failures, oven in those conditions in whieli irradiation 
seems especially indicated. There is a largo group of conditions for 
which we have no satisfactory treatment of any kind, and in which ir- 
radiation is indicated, not because it will cure the condition, but because 
it will do more good than anything else. In estimating the value of 
lloentgen therapy in these conditions, the above fact must he borne in 
mind. All things considered, the Roentgen ray is one of the most widely 
applicable and one of the most valuable curative agents in our therapeutic 
armamentarium. Success in its applications depends, aside from a mas- 
tery of the technique, upon a proper selection of cases, in which a correct 
diagnosis has been made and the pathology carefully considered. 

Dermatology 

In dermatology the X-ray has been accepted as an essential thera- 
peutic agent, used as a routine measure by a few, hut more commonly 
as an aid or as a last resort, after the usual remedies have failed. The 
X-ray may he one of several methods of curing a certain lesion. Its 
painlessness, convenience, and cleanliness often commend it above salves, 
irritating applications, etc. Also, from Ihe economic standpoint, irradia- 
tion is often preferable. The application of salves and various external 
medications often interferes with the earning capacity of the patient. 
This is especially true when the medication is odorous or demands ban- 
daging, and when the lesions are on the exposed parts of the body. X-ray 
treatment will not prevent the patient from performing his usual duties. 

The technique to he used in dermatological work is that of super- 
ficial irradiation. The tube used should ho a low one, since soft rays 
are usually indicated. It should have a parallel spark gap equivalent of 

1 to 3 inches, depending upon Ihe nature and thickness of the lesion to 

be treated and the character of change desired. Such lubes will read 
from 2 to 4 on the Walter scale. The milliamperago employed will vary 
with the character of the apparatus at hand. Since stability of vacuum 
is desired, it is rarely practical to send more than millinmperes 

through a tube for any length of lime without overheating. Where the 
tube is unseasoned 1 Id. A. may he used. If the tube is well seasoned and 
perhaps water-cooled, currents of 3 to 5 Id. A. may he used. 

The time of exposure will vary with the method of dosage employed. 
If a chromoradiometer is used, 1/5 to 2/5 the. erythema dose (1 H to 

2 H) may he given at each treatment. If the milliamperemeter and 
equivalent spark gap is utilized to gage dosage, a working formula, 
based upon previous experience, must be established by the operator for 
the apparatus and conditions at hand. A good plan is to give the effi- 
cient dose in 3 sittings, administering 1/3 of the erythema dose at each 
exposure. These figures refer to until terecl irradiation. When a filter 
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is used the time and intensity may he increased greatly. The target- 
skin distance should he comparatively small (5 or 6 inches) for maxi- 
mum efficiency. 

The dermatological conditions suited to X-ray therapy may he grouped 
according to effect desired. Only the more common conditions can he 
mentioned. As a rule, the X-ray is indicated only in chronic skin le- 
sions. In acute and subacute conditions and in exacerbations of the 
chronic conditions X-ray exposures may serve only to irritate the process 
and are, therefore, either contraindicated or are to be used with the great- 
est caution. 

Chronic Eczema. — Chronic eczema often responds most promptly to 
irradiation. In the acute stage the X-ray is not indicated, hut when the 
skin changes incident to the continued inflammation have appeared and 
tend to remain stationary, the X-ray produces most brilliant results. 
Those cases which have resisted all forms of medication seem to be most 
energetically affected by the X-ray. Xo remedy relieves the itching as 
does the X-ray, for which purpose it may he cautiously applied, even in 
the subacute forms. Especially good results are obtained in the trade 
eczemas and eczemas on the hands and feet in general. In vulvar and 
anal types of eczema irradiation will often control the itching and give 
satisfactory results. Where the eczema is due to such underlying con- 
stitutional states as anemia, gastrointestinal disturbances, etc., or where 
some direct cause is demonstrable, such systemic states must he appro- 
priately treated and all apparent sources of irritation removed, otherwise 
the irradiation may produce only temporary results. As to technique, it 
must he remembered that those forms in which the process is superficial 
and has caused no firm infiltration of the skin are susceptible to irradia- 
tion, since this chronically inflamed tissue is very radiosensitive. There- 
fore, in the very superficial dry or weeping forms, very cautious expo- 
sures to produce mild stimulation should be given. In the more infil- 
trated and thickened forms (eczema rhagadiforme, eczema tyloticum) 
heavier doses up to 3 LI may he given. It is practically never necessary 
to excite an erythema. Small doses repeated every four or five days give 
the best results. As to recurrences, the results following irradiation are 
perhaps better than with other forms of medication, especially if a few 
mild prophylactic exposures be given after the lesion is entirely healed. 
While employing X-ray therapy, no other local measures should be used. 

Psoriasis. — Psoriasis is one of the most grateful of the dermatoses to 
irradiate. As to whether irradiation is indicated in every case, or whether 
it is to be reserved for obstinate cases, there is much difference of opin- 
ion. Certain it is that a mild exposure, 1/5 to 2/5 of the erythema 
dose, will dissipate most of the lesions. Where the lesions are old and 
the base much infiltrated a longer course of treatment with a somewhat 
higher tube will be necessary. Lesions which have resisted ordinary 
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treatment for years will often yield to a few X-ray exposures. The mussy, 
odorous character of the external medication which necessitates a cessa- 
tion of the patient’s occupation, especially when the scalp or hands are 
involved, often makes the X-ray method preferable. This advantage is 
especially appreciated in treating generalized psoriasis when the patient’s 
entire body may he bathed in the irradiation from a fairly high tube 
placed at some distance from the body. Since tlie cellular infiltration 
of psoriasis is extremely radiosensitive, the X-ray dosage in the average 
case need never he great enough to produce erythema or general metabolic 
changes. Protective measures, except possibly in the mule genital region, 
are not essential. The fresher the lesions the more prompt the response 
to irradiation. Only in the older resistant lesions is the erythema dose 
to be approached, and then always in fractional doses. The treatment 
of psoriasis of the scalp with proper control of dosage can he undertaken 
without fear of alopecia. 

Changes produced by irradiation occur in the typical case after but 
a few days’ time. The intense red color gives way to a vcllow-hrowu tint. 
The scales become less abundant and fall off readily without punctiform 
hemorrhages. In eight to fourteen days the infiltration is usually gone, 
leaving a slightly scaly brown spot which, however, rapidly assumes the 
tint of the healthy skin. Recurrences are not prevented by the X-ray 
method. 

Lichen Planus. — -Favorable results may be obtained by irradiation of 
lichen planus. The influence of tlio X-ray consists in a diminution of 
the hyperalgesia and the itching, which alone may improve the nervous 
and general condition of the patient, as well as in a slow improvement 
of the skin condition. The radiosensitiveness of flu* lesion varies some- 
what with the type of efflorescence, the plane typo yielding more promptly 
than the acuminate; the verrucose typo is very resistant. The dosage 
required in the plane and acuminate types is always under the erythema 
dose. It is, therefore, necessary to avoid any visible reaction. Exposures 
may he given in fractional doses of 1 to 2 II, repeated every seven days. 
In the verrucose type it may he necessary to produce a first degree reac- 
tion in order to cause exfoliation of the horny plaques. It may he neces- 
sary to repeat the exposures after four to six weeks. Recurrences are not 
prevented. 


Glandular Diseases of ihe Skin 

The changes produced in the glandular elements of the skin hy irradia- 
tion form the basis for the application of tlio X-ray to a group of dis- 
eases in which the glandular elements are the scat, of the lesion. 

The changes consist in an inhibition of the activity, or a partial 
atrophy, of the sudoriferous and sebaceous glands. In this connection 
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it is well to emphasize the fact that oft-repeated reactions or repeated 
series of treatments, each of which falls short of the erythema dose, may 
produce- a slow atrophy of the glandular elements of the skin after the 
treatments have been discontinued. The result is a dry, shriveled con- 
dition of the skin, with possible telangectasis formation which, on the 
face or hands, is very objectionable and disfiguring. In other parts of 
the body such a sequel is not of much consequence, especially if the con- 
dition under treatment is severe enough to justify such an after-effect. 
Such a dry condition of the skin often results from repeated series of 
prophylactic treatments of the chest following amputation of the breast 
for carcinoma. X-ray exposures of the face and hands should not be 
unduly prolonged, and, if prompt results do not follow, some other method 
of treatment should be substituted. 

Hyperidrosis. — Hyperidrosis, especially of hands and feet, usually 
responds promptly to X-ray treatment. The intertrigo which so fre- 
quently accompanies the hyperidrosis of the axilla and groin will be 
likewise healed by the irradiation. Since the effect desired is only an 
inhibition of the functional activity of the sweat glands, the irradiation 
should be mild. Fractional doses of % H may be given three times a 
week without producing a visible reaction. A leather filter is here in- 
dicated. Bromidrosis and dysidrosis may be treated along the same 
lines. 

Acne. — The most brilliant results have been achieved in the treatment 
of acne by irradiation. The rationale of its use depends upon the fact 
that, by X-ray exposures, the functional activity of the sebaceous glands 
can be diminished. Whether the X-rays should be used as a routine in 
the treatment of acne is a matter upon which authorities are not agreed. 
Certain it is, however, that the X-ray should be resorted to in every ob- 
stinate case which resists the usual external medication. The cosmetic 
results surpass those following the older methods, especially where in- 
cising, curetting, etc., are resorted to. In the pustular type the end result 
is often surprising. While the primary action of the X-ray treatment is 
upon the sebaceous follicles, causing closing of pores and a disappearance 
of the oiliness, the accompanying secondary effect upon inflammatory 
infiltrate and scar tissue formation is not unimportant. This secondary 
effect serves to complete the cure in the pustular and indurated types of 
acne. 

The technique implies considerable experience and much care. If 
the condition is not pustular and the lesions and surrounding skin not 
much infiltrated, very mild exposures are indicated. One-tenth of the 
erythema dose may be given three times a week. The target-skin distance 
should be twice the greatest diameter of the area under treatment. A 
filter may be profitably employed, although not essential if all the factors 
of dosage are well controlled. The treatment need never be pushed to an 
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erythema, or certainly never beyond a faint blush, in the average case. 
After the first series of exposures (the total quantity just falling short 
of tlie erythema dose) an interval of two to four weeks should elapse to 
avoid the full effect upon the glands. Then the series may be repeated, 
if necessary. In the severe pustular and indurated forms the treatment 
must be given more boldly, and a mild first degree reaction may he neces- 
sary in obstinate cases. Very mild exposures continued over a long pe- 
riod of time, never sufficient to produce a pronounced reaction, are dan- 
gerous because of the possibility of atrophy of the skin as a late sequel. 
A third series of treatments or a third reaction is rarely necessary or 
advisable in these cases. 

Eyes and hair should he protected. The entire faee may he best ex- 
posed by four positions. With the faee turned profile, an exposure may 
be given over right and left cheeks. Then one over forehead and nose, 
and the fourth over chin and neck, tlic head being tilted backward. A 
medium tube (Walter, 5-0) should be employed. 

To aid in cure and to guard against recurrences, the systemic factors 
in the etiology of acne should be corrected. It is especially important 
to secure and maintain efficient elimination. 

Acne Rosacea. — Acne rosacea is more resistant and tlic treatment more 
difficult. Here, in addition to affecting the sebaceous follicles, it is de- 
sired to dissolve the inflammatory products and obliterate the newly 
formed blood vessels. X-ray treatment, by affecting the pustules and the 
glands, may improve the condition and stop its progress. Some diminu- 
tion of the hypertrophied tissue may also ho achieved by persistent X-ray 
treatment. There art; on record a number of cases of large rhinophyina 
which have been greatly improved by X-ray therapy. In this type the 
treatment must he pushed to the production of a marked reaction, which, 
after four to six weeks, may he repeated. The Roentgen atrophy is here 
desired, since it may obliterate the vessels and result in a more acceptable 
condition than that which preceded it. 


Skin Diseases Arising in Hair Follicles 

A group of skin diseases arising from pathological conditions of the 
hair follicles are especially adapted to Roentgen therapy. 

Sycosis Simplex. — Of these sycosis simplex is most common and yields 
most promptly. The brilliant results so often obtained by irradiation 
are seen most frequently in the inveterate eases which have been subjected 
to the usual external medication for months or even years. 

The action of the X-ray in these cases is twofold. The activity of the 
hair follicles is diminished, which may lead to temporary alopecia. The 
X-ray at the same time attacks the fresh granulation tissue and pus cells, 
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causing their destruction, and eradicates the germs in the manner pre- 
viously referred to. 

The treatment in the severe cases should he pushed to the produc- 
tion of the temporary .Roentgen alopecia with or without a slight erythema. 
However, milder cases may be successfully treated without causing such 
alopecia. It is generally conceded, however, that complete epilation of- 
fers the best prospect of permanent cure without danger of recurrence. 
The hair returns in four to eight weeks after cessation of the exposures. 
Some authorities recommend the vigorous use of antiseptics in connection 
with the X-ray treatment. A mild antiseptic ointment or wash is all 
that is necessary in the average case. 

The dosage must be boldly given to the first degree reaction. The 
tube should be of medium hardness. A filter may be used by the very 
conservative. The target-skin distance should be twice the greatest diam- 
eter of the area under treatment. The erythema dose may be given in 
three to five fractional doses. Owing to inability to irradiate all the 
inequalities of the area under treatment uniformly, some few remaining 
loose hairs may have to be removed by forceps. Epilation often follows 
in ten days after exposure, the latent period being shorter in diseased 
hair follicles than in normal ones. 

Acne Keloid. — Acne keloid, a pustular folliculitis which occurs at 
the hair-line upon the back of the neck, may be successfully treated along 
the same lines. The hypertrophic scarring which usually accompanies 
this condition may be wholly, or in part, absorbed. 

Tinea and Favus. — In mycotic diseases of the hair folliclesj where 
prompt and complete epilation is essential to a cure, the X-rays find a 
most important application. Unless radical epilation is accomplished, an 
ultimate cure with freedom from recurrence in trichophyton tonsurans 
and favus is a matter of great difficulty, requiring months or even years. 
Since the root of the hair is inaccessible to external antiseptics, the hair 
must be removed in toto and the antiseptics must be applied to the hair 
follicle. No other method of treatment will produce such a perfect epila- 
tion as the X-ray, for, by mechanical epilation, the diseased hairs are 
apt to break off. 

In crowded centers, as London and Paris, where large numbers of 
children are affected with tinea or favus, the care of such children may 
become a social and economic problem, owing to the difficulty and length 
of time of the treatment necessary to a cure. Saboureaud in Paris has 
developed a system of X-ray therapy for tinea tonsurans and favus that 
has been accepted and adopted as the best method which we have. It is 
based upon epilating the affected areas by giving the “erythema dose,” or 
rather the dose that will produce alopecia with a minimum of erythema 
as gauged by his pastilles. The secret of success in this method consists 
in developing the technique to the point where just the amount of irradia- 
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lion required for epilation may be accurately measured. Tf tlie dose is 
too small alopecia may he incomplete; if too largo there may result either 
permanent alopecia from atrophy of hair follicles, or an X-ray burn. 
Furthermore, it is essential that the exposure over the entire scalp he 
uniform. Owing to the curvature of tlie seal]), uniform irradiation re- 
quires a special technique, as lias been referred to before. With this end 
in view the seal]) is divided into a number of parts and each division 
irradiated separately. 

The hair should be first clipped short, preferably over the entire 
scalp, so that small incipient patches may he detected. When there are 
but a few patches they may be treated by isolating them with localizing 
tubes of proper size, or lead shields; hut when there are more than five 
scattered patches, the rule is to depilate tlio sealp completely. The prog- 
nosis as to freedom from recurrence is always hotter when the entire scalp 
is treated. Saboureaud divides the scalp into seven regions, and exposes 
each separately, then covers it with a disk of lead foil so that the rays 
do not touch it again, and thus no overlapping of areas results. 

Kicnbock and Adamson have modified the technique by dividing the 
scalp into five instead of seven regions. Owing to the larger angle of 
incidence, which diminishes the intensity of the X-ray at the margins of 
areas, the successive areas are not covered by lead foil, but overlapping of 
edges is allowed. Although the areas of exposure encroach on each other, 
the rays fall at such an oblique angle on these overlapped edges that the 
dose is thus equalized over the entire area and no injury results. 

The center of the successive areas may he located roughly as follows : 
A over median line two inches from frontal margin of hairy scalp; B 
over vertex of skull five inches hack of A ; 0 just above lower border of 
hairy scalp five inches from B; D and E just above 1 and in front of right 
and left ears, respectively. The face, neck, ears, and shoulders should be 
suitably protected, A medium tube, reading about Walter, 4, should be 
used, backing up about two inches of parallel spark. The target-skin 
distance should be six to eight inches, and the pastille should be suspended 
in the central axis of the ray, three to four inches from the target. To 
avoid error it is important to have the pastille accurately centered under 
the target. The pastille should be carefully protected from sunlight, 
diiring exposure, by black paper, and examined in subdued light. The 
aperture of tube shield or diaphragm should be such that the rays will 
diverge to a circle of six inches in diameter at the scalp. The time of 
exposure will depend upon the milliamperage of the secondary current. 
With different operators it varies from ten io thirty minutes for each 
area. The treatment thus requires a number of hours (four hours with 
Saboureaud’s technique 1 for each patient; however, with this technique 
only one treatment need be given. 

In two to three weeks the alopecia begins, and in four weeks is usu- 
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ally complete. During the epilation the head is washed daily and an- 
ointed with carbolized vaselin, or painted with 10 per cent, tincture lodin, 
to disinfect the loose hairs and prevent contagion. Within two months 
a new growth of hair appears, and usually without a trace of the pre- 
vious disease. The fungi seem to drop out with the hair, and a cure is 
usually accomplished without any further antiseptic treatment. 

The treatment by the single full dose is a heroic one, and can he car- 
ried out only by an expert who has every factor of dosage controlled and 
has had considerable experience. The method is, therefore, unfortunately 
not adapted to an occasional case of a dermatologist not conversant with 
X-ray technique. 

The treatment of large numbers of children with tinea and favus 
of the scalp by French and English operators has furnished an excellent 
opportunity to observe what effect the X-ray may have upon the develop- 
ment of the brain. Indeed, the question of possible injury following 
such heavy irradiation of the head has been raised. In a special discus- 
sion at a joint meeting of the dermatologic and electrotherapeutic sections 
of the British Medical Association (1909) the conclusion was unani- 
mously reached that no such injury to the brain need be feared. This 
conclusion is of great significance to Roentgen therapy in general. 

Tinea sycosis may be treated along the same lines as tinea tonsurans, 
except that it is not always necessary to epilate to produce a cure. 

Kerion and Agminate Folliculitis. — The so-called her ion or deep sup- 
purating hypertrophic folliculitis of the scalp ; as well as the agminate 
folliculitis due to the trichophyton or similar fungi in any part of the 
body, are often amenable to proper irradiation. 

Tuberculous Conditions 

The value of the X-ray in tuberculosis of the shin is now well estab- 
lished. That the X-ray can cure tubercle formation in the skin is shown 
by the brilliant results in the treatment of the anatomical tubercle by 
irradiation. Numerous cases are recorded where a few vigorous exposures 
have caused prompt, complete, and permanent disappearance of the single 
“post-mortem” tubercle. 

The action is probably threefold. The X-ray stimulates the resisting 
power of the tissues, as will be referred to in connection with the X-ray 
therapy of tuberculous adenitis. The X-ray also causes a reaction in the 
surroimding tissues, leading to a crowding of the vessels surrounding the 
lesion with leukocytes, which promotes absorption of inflammatory prod- 
ucts and cellular debris and an infiltration of the tissues with small round 
cells, which tends to wall off the affected areas by connective tissue and 
favors repair. Finally irradiation causes actual destruction of the abnor- 
mal cells of the granuloma. Microscopic investigation by numerous ob- 
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servers has uniformly verified such changes in irradiated tubercles. The 
giant and epithelial cells are shrunken and degenerated, and finally dis- 
integrated, while the surrounding infiltrate penetrates and cicatrizes the 
noclule. 

Tuberculosis Verrucosa Cutis. — The X-ray has been successfully used 
in tuberculosis verrucosa cutis, where there are much papillary hyper- 
trophy and hyperplasia of the epidermis, with perfect cosmetic results. 

Lupus Vulgaris. — The application of the X-ray to lupus vulgaris is 
somewhat more difficult. In Europe, where the Fiusen therapy is more 
extensively and intensively practiced, certain types of lupus vulgaris are 
treated by phototherapy from the start ; others are referred to the Fiusen 
institute to complete the cure after the disease has been brought to a cer- 
tain stage by irradiation, hi America tlie X-ray is generally relied upon 
alone, and the favorable results obtained by certain operators who have 
mastered the details of X-ray technique seem to warrant the enthusi- 
asm which they evidence for this method of treatment.. The apparent 
discrepancies in therapeutic results, as recorded by different writ- 
ers, may be often traced to their lack of skill in administering the 
dosage, usually underdosing and abandoning the treatment too early. 
Fiusen treatment has its advantages, and may be necessary to complete 
the cure in certain cases. Because of its greater penetrating power, the 
X-rays are more applicable to the deeper lesions and also to the more 
extensive lesions, where Fiusen treatments would have to ho o£ great 
duration. Finscn therapy cannot be applied to the cavities of tlie nose, 
mouth, etc., and is much more expensive than Roentgen therapy. Fur- 
thermore, Fiusen therapy is not applicable to painful ulcerated surfaces. 
For these reasons Roentgen therapy is usually to be preferred. Both 
methods are, of course, painless, aud give satisfactory cosmetic results. 

X-ray therapy is especially indicated in the ulcerated and hypertrophic 
forms of lupus. Tlie smooth, dry form with distinctly visible nodules 
is often resistant to irradiation; and on the Continent is the type that is 
usually referred at once to the Fiusen institute. The hypertrophic lupus 
tissue can usually he broken down by vigorous irradiation, and the dry 
tumid forms are easily controlled. In the ulcerated forms the open area 
is usually promptly scarred over. Such a change greatly improves the 
appearance of the patient, thus giving him now hope, a factor not to he 
overlooked in treating the disfiguring types, where the mental condition 
is one of extreme depression. But when the lesion is scarred over the 
disease is not always cured, for in this area, especially under glass pres- 
sure, distinct nodules, which were perhaps previously invisible, can usu- 
ally be seen. Now the treatment is centered over each nodule aud the 
intervening tissue is protected. 

The progress of reducing the hypertrophic masses to the level of the 
skin, and of causing the ulcerated areas to close over, is usually rapid 
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under irradiation, but from this stage on the treatment is often slow and 
difficult. Some cases can be healed only to this point by irradiation, and 
the remaining nodules in the upper layers of the skin require Finsen 
therapy or excision. 

The treatment is necessarily a long one, and a cure in three months 
would be a very quick one. Some cases demand treatment for several 
years. Recurrences must be watched for and are not uncommon. Diffi- 
cult of treatment are such cases as have been previously treated by 
curette and cautery, and especially so are the recurrences in the old scarred 
areas. 

The prognosis as to cure and freedom from recurrence will depend 
greatly upon the relation of the local lesion to the systemic condition. 
Skin tuberculosis, which represents simply a local infection and in which 
the general health is good, will be influenced more favorably than those 
lesions which are accompanied by or are a part of tuberculous processes 
in other tissues of the body. 

Tuberculosis of the Mucous Membranes. — Tuberculosis of the mucous 
membranes, especially of the hypertrophic type, often yields to mild irradi- 
ation if the location does not present technical difficulties which prevent 
proper administration. 

Lupus Erythematosus. — Lupus erythematosus is very resistant to the 
X-ray. Absolute cures without recurrences are not easy to bring about. 
The usual discoid lesions of lupus erythematosus are notoriously resistant 
to all forms of therapy, and, after all others have failed, a resort to the 
X-ray may not be without avail. Often rapid improvement occurs, and 
even if the results are not absolute and permanent a trial of irradiation 
is warranted. 

Heavy dosage and marked reactions are necessary to healing. Re- 
peated reactions need not be feared because of the danger of producing 
Roentgen atrophy of the skin, for lupus erythematosus in its natural 
course is followed by atrophic scarring. 

The best results are obtained in the fresh superficial forms of lupus 
erythematosus. If a mild inflammatory reaction is excited there is re- 
absorption of the effused infiltrating cells, the swelling diminishes, and 
the thin white atrophic scar of lupus erythematosus begins to appear. But 
the older, deeper forms, with thickening of the skin and abundant greasy 
scales, are less satisfactory to treat. 

Scrofuloderma. — The X-ray is especially indicated in the treatment 
of scrofuloderma. Since the condition is usually a local expression 
or a sequel of an underlying tuberculous focus in lymph glands, bones, 
or other deep tissue, the underlying lesion should receive appropriate 
treatment, surgical or otherwise. The soft granulations are rapidly dis- 
solved, and the ulcerated area scars over. When fistula* are present, they 
may likewise be healed, if not too old and deep. If the underlying cause 
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is a broken-down lymph gland, it may be favorably influenced at the 
same time. For the fistula?, with very thick walls a preliminary curet- 
tage or excision may be necessary. 

Diseases of the Skin Due to Fungi 

Blastomycosis — In blastomycosis llie X-rav lias been found a valu- 
able curative agent. In Chicago, where the disease was first discovered, 
irradiation combined with the administration of potassium iodid is the 
accepted treatment. 

A pronounced X-ray reaction usually hastens tlio complete disappear- 
ance of the lesions, and in many eases the external application of anti- 
septics, and occasionally curetting of the thick’ papillary growths, will 
be necessary to a cure. 

Mycosis Fungoides. — Mycosis fungoidcs has been favorably influ- 
enced by irradiation. According to remit reporta, symptomatic cores 
are possible by X-ray therapy. The myco fungoid tissue is extremely ra- 
diosensitive. After an erythema dose with a medium tube the secretion 
diminishes and the itching subsides or disappears completely. The tu- 
mor masses shrink and finally disappear. Rut local irradiation does not 
prevent recurrences and metastases, and the disease is always fatal. The 
X-ray is the best measure, however, for the local lesions, and may prolong 
the life of the patient. 


Benign Groiuths 

Keloid. — In the treatment, of keloid the X-ray is a valuable remedy, 
in spite of the fact that scar tissue is very resistant to irradiation. Be- 
cause of this great resistance it follows that the dosage must bo heavy. 

Irradiation is applicable to all forms of scars, whether following 
burns or other trauma, or whether of spontaneous origin. Practically 
every case can he influenced, but all cases cannot be cured. In the fa- 
vorable cases the elevated areas are converted into flat flexible white scars. 
In some cases, especially -where the keloid is in the region of joints, or 
where, because of its tendency to contract, the sear embarrasses move- 
ment, the X-ray may be used to soften the scar, loosen it from tlie sur- 
rounding tissues, and thus make the whole area more flexible. 

It is sometimes advisable to surgically remove the keloid previous 
to irradiation, especially if the scar is very thick. By sucli a procedure 
much time is saved, for many months may be required to dissolve the 
thicker keloids by irradiation. In the thinner and especially the more 
extensive types, such an operative procedure is unnecessary and inex- 
pedient from the surgical standpoint. 

The treatment of keloid by the X-ray is necessarily a long one, re- 
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quiring from several months to a year in the thick, extensive cases. A re- 
action is practically always desired, but it should be a mild one, especially 
if the lesions are on the face or the exposed parts. Repeated reactions 
may he elicited at intervals of four to six weeks. The tube should he 
somewhat higher (Walter — 6) than that used for superficial therapy. 
The thin epidermal covering over the keloid is best protected by using 
the leather or aluminium filter. 

Malignant Diseases of the Shin 

The application of the X-ray to malignant disease dates back to 1899, 
when Stenbeck first irradiated epithelioma. Since then great numbers 
and types of malignant processes have been treated by X-ray exposures, 
and the results observed and recorded. Opinions have swayed from op- 
timism to pessimism, and much unreliable literature has been created. 
To-day, 12 years after the introduction of the X-ray in the treatment of 
malignant disease, we are in a position to comprehend more clearly what 
the X-ray will do, and to make an unbiased estimate of its value in the 
war upon malignancy. 

There is no doubt that the X-ray exerts an essential selective action 
upon cancer cells and destroys them. The degenerative process has been 
studied microscopically and comparisons made between exposed and un- 
exposed areas of the same tumor mass. The protoplasm of the irradiated 
cancer cells becomes vacuolated, and does not take the usual stains, and 
the cell walls disappear. The carcinoma epithelium is penetrated by 
small round cells and leukocytes. Finally, the cancer cells disappear en- 
tirely, being replaced by a round-celled infiltration, which rapidly organ- 
izes. Thus the malignant mass atrophies and disappears, and is replaced 
by connective tissue. Around the normal edges an inflammatory reaction 
occurs, always secondary, however, to the cancer cell degeneration, and 
brings about repair. 

Cancer cells of different types may be radiosensitive in varying de- 
grees. Thus basal-celled growths of the skin are usually more promptly 
influenced than prickle-celled. But any cancer cell may be destroyed if 
it can absorb enough X-rays. The problem in X-ray therapy of malig- 
nant tissue then resolves itself into the administration of the efficient 
dose. If the lesion is superficial, massive irradiation is possible and easy. 
If the growth is deep, however, efficient irradiation is almost impossible, 
for reasons which have been previously stated. 

It follows, therefore, that the very superficial growths should be read- 
ily destroyed, and clinical experience verifies this deduction. In super- 
ficial epithelioma the X-ray finds its most brilliant application. By 
epithelioma, as suited to X-ray therapy, is meant primary slow-growing 
cancer of the skin, which shows little or no tendency to metastases. 
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Whether tlio type be the tint, the papillary, the crater-form epithelioma, or 
the rodent nicer, the results following irradiation are usually favorable. 
But it will not cure every ease, nor is it indicated in every case. 

Superficial Epitheliomata. — The X-ray is not the only method of cur- 
ing superficial epithelioma, hut the end results of X-ray therapy in prop' 
erly selected cases will bear comparison with any other form of treatment. 
The X-ray method has much to commend it. It is painlo.-s and agreeable 
to the patient. The ordeal of an operation is obviated, which, in the aged, 
may be an important consideration. It is applicable to lesions which are 
not adapted to surgical interference, either because of their location, as, for 
instance, about the nose and eyes, where hv excision too much tissue 
would necessarily he sacrificed, or where the lesion is so extensive as to 
make it impossible. The conservation of tissue incident to X-ray therapy 
is often surprising. The X-ray seeius to spare all of the healthy tissue, 
destroying the diseased tissue around and even under it. An advantage 
not to he overlooked is the cosmetic result following removal by X-ray, 
which is usually better than, always as good as, that following the older 
methods of treatment. 

The flat and the papillary forms are most susceptible to Roentgen 
therapy. The type in which the epidermis is not involved and covers 
the growth unbroken usually offers a favorable prognosis. Because of the 
intact epidermal covering, this type is not suited to treatment by the knife 
or caustics. By irradiation the underlying malignant proliferation can 
usually be destroyed and absorbed without producing more than a slight 
erythema of the skin, and without a scar. The crater-form types arc 
usually more refractory. In Ihc deeper ulcerated forms with indurated 
edges and fibrous base cxeisiou is usually the host procedure. The neigh- 
boring glands arc usually involved early in this type of growth, and 
many of the recorded failures under X-ray therapy have, been of this 
type. Some lesions, perhaps one in ten, may he refractory because of 
tbeir histological makeup, or unsuited to the X-ray therapy because of 
the peculiar location of the growth, depth of tissue involved, or tendency 
to metastasis. 

There is no conflict between X-ray therapy and the surgical treatment 
of superficial epithelioma. One should supplement the other. In some 
cases, because of a liability to metastasis or because of the existence of 
metastasis, radical excision with dissection of the involved lymph gland 
area should precede irradiation. Again, because of the size of the growth, 
excision or curettage may be done preliminary to giving X-ray exposures. 
Such a procedure may not only shorten the period of treatment, but also 
spare the patient the toxemia incident to the absorption and excretion 
of a large quantity of cellular debris. When in doubt, the lesion should 
be treated as a deep carcinoma (which see). 

A large apparently inoperable malignant process in the skin may, by 
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irradiation, be reduced to a point where it becomes operable, and the 
knife may be resorted to in the removal of certain deeper involvement 
which the X-ray will not reach. Again, the X-ray may follow the sur- 
gical removal either to guard against recurrence and metastasis or to 
remove or check such recurrences and metastasis. 

The prognosis under X-ray therapy in any case of superficial epitheli- 
oma is not favorable if there is involvement of the adjacent glands, or 
if it is in a location where early glandular metastases are known to oc- 
cur. Such cases should be radically excised and then irradiated. The 
relation of metastases to X-ray therapy will be more fully discussed in 
connection with deep cancer. Since the metastases usually occur in the 
deeper tissues, i. e., the lymph glands, they can rarely be irradiated ef- 
ficiently. Unfavorable are those cases occurring in or involving the 
mucous membranes and inaccessible for efficient irradiation. Here 
early excision followed by post-operative irradiation is the safest proce- 
dure. About the eyelids the results are usually good, even though the 
conjunctival mucous membrane be involved, for the orbit is not usually 
invaded. Those at the inner canthus are most liable to invade the orbit. 
If the orbit is involved a prompt and radical eventration should be done. 

Epithelioniata of the lip and tongue and the mucous surfaces in general 
are usually operated first. Because of their tendency to early metastases 
in the deeper glands, they are to be classed with the deep carcinoma. How- 
ever, many favorable results from X-ray therapy in epithelioma of the 
lip have been obtained. If the cervical glands are not involved and the 
massive dose method is used, operation may he unnecessary. In inoper- 
able or surgically unfavorable cases of epithelioma of the tongue or 
mucous membranes, massive X-ray therapy may be of much avail. 

A cure is, of course, impossible unless metastases are prevented; or, 
if already present, checked and removed. Before instituting treatment 
in any case the field should he carefully surveyed. The favorable and 
usual sites for glandular metastases should he widely exposed as a prophy- 
lactic measure, using a higher tube and a filter. In comparing methods 
it must be borne in mind that the tendency to, and presence of, metastases 
make the prognosis had for operative as well as X-ray therapy. 

It is frequently observed that the malignancy of the new growth varies 
with its location. A prickle-celled epithelioma on the lip will readily 
involve the submaxillary glands and must be surgically treated, whereas 
a similar growth on the scalp will run a more benign course and will he 
amenable to X-ray therapy. The outlook is not so favorable in epi- 
thelioma developing on a chronic eczema or lupus base. 

The administration of the X-ray in skin cancer must be bold. The 
overconservative technique so often employed by dermatologists accounts 
for many failures. If the lesion be ulcerated or uncovered by healthy 
epidermis, a fairly low tube (Walter — 3 to 4) may be employed. The 
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targel-skin distance should he (5 to 10 inches. If the tube, passes 2 to 3 
milliamperes, an erythema dose may be administered in 15 to 25 
minutes, distance 10 inches. If there is much uninvolved skin over the 
growth, or if the epidermis continues unbroken over the growth, a filter 
may bo employed. The surrounding skin must be protected, but 1 centi- 
meter or more of apparently healthy skin should always be exposed. Fail- 
ure to observe this precaution will result in residual or recurrent nodules 
in the marginal skin, and greatly prolong the time and increase the diffi- 
culty of a cure. Such residual nodules in an elevated indurated margin 
often follow a faulty technique. The exposures may have been too mild 
or the penetration of the tube too great, and, after the editor of the lesion 
is apparently healed, this slow-growing elevated edge will remain and is 
often refractory to irradiation. 

When the reaction appears the treatments should be suspended. If 
necessary, a second or third reaction should be excited, but always await- 
ing the subsidence of the previous one. Likewise, when improvement 
of the lesion begins, treatments should be decreased or suspended. If 
they are continually pushed up to complete healing of the growth, a burn 
may result owing to the cumulative action. Many cases, especially the 
flat or papillary types, will progress to a complete cure after the admin- 
istration of the full erythema dose, although the healing may not be 
complete for one to two monlbs after cessation of treatments. Sucli an 
instance was recently observed, in which a large, partly flat and partly 
papillary epithelioma was given G II and the treatments suspended be- 
cause of the vigorous reaction. The patient did not return for three 
months, during which time the effect of the X-ray continued and re- 
sulted in a complete cure. 

After the cure is apparently complete the patient should return every 
two months for observation. Small recurrences usually respond promptly. 
They should be energetically treated, for, if there arc repeated recurrences 
after irradiation, the lesion may finally become refractory to tlie X-ray. 

Deep Carcinoma.- — Xo operable deep carcinoma should be treated pri- 
marily by irradiation. By deep cancer is meant any malignant process 
which is not primary in the skin, or which involves subcutaneous, glandu- 
lar, visceral, or osseous tissues. In tlie border-line cases of superficial 
growths which tend to go deep it may be difficult to determine whether 
the lesion will yield to irradiation. In every case in which there is the 
slightest uncertainty the knife should he resorted to first, unless such cir- 
cumstances as extent and location of lesion should render operation in- 
advisable. 

The X-ray, however, plays an important part in the treatment of 
deep malignancy. It may be used as (1) palliative measure in inoper- 
able cases; (2) prophylactic post-operative measure. 

In inoperable cases much comfort and a prolongation of life may 
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often be afforded by X-ray therapy. In these cases the irradiation may 
be valuable: (1) in relieving pain; (2) improving the local condition. 
These effects are especially marked when the lesion is located in a fairly 
superficial and accessible region. In certain deep locations, as, for in- 
stance, the viscera, and in certain regions where the blood and lymph 
supply are abundant, as, for instance, the neck, rapid growth and meta- 
stases are rarely influenced by irradiation. 

Where there are foul and sloughing ulcerations the X-ray may cause 
them to clear up and heal over. In some instances the local lesion may 
close and partially disappear. At the same time the pain subsides and 
may entirely disappear. Thus the general condition of the patient, and 
especially the mental state, may be ameliorated. In inoperable cancer 
of the tongue, the local ulceration and swelling and pain may be im- 
proved by irradiation, and the patient may thus be enabled to take food. 
In spite of the local improvement and relief of pain from irradiation 
in these inoperable cases, there are always sooner or later the usual meta- 
stases into neighboring glands or distant organs, and ultimate death. The 
exitus is often made more bearable when brought about by a general and 
often painless asthenia than when occasioned by toxemia from a local 
sloughing mass with its attending pain, or by starvation, as in cancer of 
the tongue. 

In the treatment of the inoperable cases, the exposures must be heavy 
and the technique well mastered. All the technical aids which will in- 
crease the intensity of the rays in the depths of the tissues may he util- 
ized. The filter is indispensable, and tlie growths should be exposed 
from various directions, if possible. The various methods of desensitizing 
the overlying tissues or sensitizing the tumor mass itself may be tried. 
Evidences of toxemia must be carefully watched for. When large masses 
of tissue are to be broken down, it is often advisable to have a prelim- 
inary excision done with the least amount of shock, to prepare the field 
for irradiation. The amount of the dose is limited only by the amount 
that the overlying tissues will stand, and by the efficiency of the patient’s 
excretory organs. 

By far the most valuable indication for the X-ray in deep cancer is 
in the prophylactic irradiation following excision. The principle un- 
derlying such post-operative treatment is sound, but unfortunately not 
widely enough appreciated. When we consider the great percentage of 
recurrences that follow radical operation, even in cases that are consid- 
ered surgically favorable, and then recall the selective influence of the 
X-ray upon cancer cells, it cannot but follow that post-operative irradia- 
tion gives the patient the best chance for ultimate recovery. Post-oper- 
ative irradiation does not mean the X-ray treatment of recurrences, but 
the thorough exposure, up to saturation, of the field of operation, and the 
nearest lymph drainage areas shortly after the operation, and the repeti- 
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tion of sncli dosage two or three times during the following twelve months. 
The treatment is intended to inhibit the growth and destroy any malig- 
nant tissue, perhaps of microscopic dimensions, that has escaped the knife, 
and to “sterilize” and sclerose the neighboring glands and lymph chan- 
nels. That the X-ray will affect such malignant remains is evidenced 
by the rapid disappearance of visible recurrent nodules under X-ray expo- 
sures. The absence of absolute proofs of the efficacy of such treatment 
against recurrences is not a valid argument against the routine post-oper- 
ative irradiation of all patients. Proofs of tlie efficacy of such a line 
of treatment cannot be produced at this time, and perhaps not for some 
time to come, first, because this plan of treatment is comparatively re- 
cent, secondly, because recurrences may not manifest themselves until 
many years have elapsed, and, finally, because post-operative irradiation 
is not always carried out efficiently, since it must be given by a competent 
radiotlierapontist and must extend over a considerable period of time, 
implying an intelligent cooperation on the part of the patient, not always 
obtainable. 

The application of the X-ray must be a routine one, since the surgeon 
can scarcely distinguish those eases in which ablation lias boon complete 
from tlioso in which recurrences are probable. If administered unneces- 
sarily 1o many patients in whom the ablation lias been complete, the 
procedure is justified by the smaller percentage, or even occasional case, 
that may be spared from recurrence by such treatment. If the exposures 
are unnecessary, no harm has been done, and the exposure need not bo 
a serious objection, since the success of the whole operation depends upon 
the prevention of recurrence. To wnit for recurrence before applying the 
X-ray is to begin a battle that is half lost, for the prognosis under X-ray 
therapy is infinitely worse if demonstrable recurrence lias already taken 
place. The recurrences are often deep and out of reach of anything ap- 
proaching efficient irradiation, and arc often much more intractable than 
the primary growth. 

The post-operative prophylactic irradiation is not equally efficient in 
all points of the body. Because of its superficial location and the super- 
ficial location of its lympli drainage area, carcinoma of breast is best 
suited to this treatment. Likewise, after operations upon the skin, lips, 
and tongue, efficient prophylactic irradiation may be carried out. It is, 
of course, futile after resection of the pylorus, rectum, or uterus. In tlie 
latter instances exposures may he given through the vagina or rectum, 
but a sufficiently wide area can hardly be exposed to reach all of the lymph 
glands possibly affected. 

If recurrence has occurred and is operable, it should he excised be- 
fore beginning treatment. Superficial ulcers which remain after the 
wound is closed may often be successfully treated. 

The prophylactic treatment should he begun about two weeks after 
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the operation. Deep exposures with a fairly high tube should be given 
through a filter, raying widely all the areas of possible metastases. The 
target-skin distance should be at least twelve inches. Giving 20 to 30 
milliampere-minntes (distance 15 inches, with filter) at each exposure, an 
efficient dose may be given in ten treatments. A maximum dose should 
always be given. Anything less is useless. Such a series of treatments 
should be repeated two or three times during the ensuing year. Prophy- 
lactic post-operative irradiation does not guarantee freedom from recur- 
rence, but, in conjunction with an early and radical operation, it is the 
best safeguard of which we know. 

Sarcoma. — The treatment of sarcoma by the X-rays must follow in a 
general way the plan outlined for deep carcinoma. Put sarcomata ex- 
hibit in their reaction to X-ray therapy some striking differences from 
carcinoma. While certain types of sarcoma represent the acme of ma- 
lignancy from the surgical standpoint and rapidly recur after operation, 
these same types may show a surprising sensitiveness to irradiation. It is 
found that soft, cellular, rapidly growing tumors react more promptly than 
the slower growing connective tumors. Round and spindle-celled sarco- 
mata are more easily influenced than osteo- and chondrosarcomata. The 
rapidity with which certain types of sarcoma will decrease under irradia- 
tion is surprising. Especially favorable to treat are those originating in 
the skin and in the lymph-glands. There is such a variation in the ma- 
lignancy of sarcoma that it is impossible to predict what success will 
attend the X-ray treatment. A sarcoma of the deep lymphatic glands of 
the neck may be sometimes influenced to a symptomatic cure by irradia- 
tion, whereas a superficial growth in a location apparently more favorable 
for X-ray therapy may show only unretarded growth under the treatment. 
Therefore the treatment of sarcomata cannot be considered complete with- 
out resort to the X-ray at some stage in its course. It need hardly be 
emphasized that for operable cases early radical excision is always indi- 
cated. Especially valuable is X-ray therapy in mediastinal sarcomata. 
Pressure symptoms are often relieved and temporary symptomatic cures 
have been obtained. 

In inoperable cases X-ray exposures may afford some relief from pain 
and may bring about local improvement as in carcinoma. Post-operative 
prophylactic irradiation is positively indicated. A close cooperation be- 
tween surgeon and radiotherapeutist is essential to the greatest measure 
of suchess. In the borderline cases where the operability of the growth is 
doubtful it is sometimes advisable to test the sensitiveness of the growth 
by a few X-ray exposures before operating. If the influence of the X-ray 
is prompt and marked it may be continued. 

The technique of the therapy is analogous to that for deep carcinoma. 
Owing to rapidity of growth of these tumors exposures must usually be 
given daily. They must be massive almost up to the point of producing a 
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burn. Only an expert radiotliernpeutist. will be capable and courageous 
enough to administer the. heroic doses that arc essentially required. 

Lymphatic and Blood Diseases 

The high radiosensitiveness of the lymph glands , lymphoid tissue, 
blood, and blood-forming organs furnishes the basis for X-ray therapy in 
a variety of affections. 

Tuberculous Adenitis. — In tuberculous adenitis its value is generally 
recognized. The favorable influence of irradiation in this condition may 
be due to the well-known selective nature of the X-ray upon lymphoid 
tissue, and especially when that tissue is in a state of chronic inflammation 
attended by rapid and abnormal proliferation. According to Pirie, the 
X-ray destroys the rapidly developing giant cells. Ollier observers con- 
sider the effect of the X-ray to he a stimulation of the metabolism of the 
affected glands, producing hyperemia and increased phagocytosis. 

There are some grounds for believing that irradiation may produce 
serological changes analogous to autogenous vaccination. The existence of 
such a process is evidenced by the occasional observation that unexposed 
tuberculous glands will decrease in size during irradiation of neighboring 
or distant similarly affected glands. Upon this basis X-ray therapy has 
been applied to obstinate furunculosis and venereal buboes with some 
favorable results, and any infectious enlargement of lymph glands may, if 
resistant to other therapeutic measures, be subjected to trial irradiation. 

X-ray therapy in tuberculous adenitis is especially indicated when the 
enlargement is fresh. Glands which have not yet reached operable size, or 
which arc just enlarging to operable size, usually respond to irradiation. 
Glands which have reached the operable stage hut have not yet begun to 
suppurate often subside under X-ray treatment. Frequently, however, 
the larger glands will break down, and it is usually safer and more ex- 
peditious to excise the lymph chain or, at least, the larger glands before 
beginning treatment. Older glands which are about to undergo caseation, 
or in which caseation lias commenced, are less favorable to treat. X-ray 
therapy in these cases often hastens the softening. Glands which have 
suppurated and are practically circumscribed abscesses should be excised 
and then irradiated. 

The X-ray method possesses certain inherent advantages. It is of 
course painless and avoids the shock and dangers of a tedious operation 
which the general condition of the patient may preclude. It penetrates 
the affected area throughout and searches out glands that may escape the 
operator or that may be infected without being visibly enlarged. Thus in 
a measure it guards against, recurrence. By its action the glands are re- 
duced to hard fibrous nodes, the size depending upon the amount of 
previous inflammation, connected by fibrous bands representing the re- 
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mains of the lymphatic channels. Upon section these hard bodies are 
found to be composed entirely of fibrous tissue, all glandular structure 
having disappeared. Complete disappearance of the glands does not fol- 
low irradiation. When the glands have reached the stage of small shotlike 
bodies, and when all signs of local inflammation have disappeared, the 
treatment may be discontinued. The sclerosis of blood vessels and lymph 
channels in the irradiated area is the best safeguard against spread of the 
infection and recurrences. The cosmetic effect following X-ray therapy 
should be perfect, since the tanning incident to the administration of the 
maximum dose will disappear in a few months. During X-ray therapy it 
is not necessary for the patient to remain in a hospital. He can be fol- 
lowing out the proper hygienic measures which are so important in this 
disease. 

There should be cooperation between surgery and X-ray therapy in 
these cases. The X-ray may be a valuable adjunct to any type of opera- 
tion. The difficulty of the technique of the radical operation, the tendency 
to recurrence, the poor general condition of the affected patients, which 
sometimes precludes a tedious radical operation, may be the indications 
for X-ray therapy. If a complete operation is done post-operative irradia- 
tion may lessen the chances of recurrence. If only an incomplete opera- 
tion is possible the X-ray may often be relied upon to complete the cure. 
In the old chronic cases with “matting” of tissues which precludes a thor- 
ough operation the X-ray may heal the sinuses and promote sclerosis. It 
is often advisable, in very feeble children for instance, to excise only the 
larger glands of the affected area, leaving the rest for X-ray therapy. 

The technique of the X-ray exposures is that of deep irradiation. A 
filter is absolutely essential. The exposed area should extend wide of 
the disease. In the neck the entire region from the base of the skull to, 
and including, the apex of the lung should be treated. A hard tube at a 
distance of twelve inches passing two milliamperes of current may be 
used. Ten treatments of ten minutes each given three per week will de- 
liver an efficient dose. After the reaction subsides a second or third 
series may be given. Ho other local medication should be permitted while 
under X-ray treatment, as it may produce changes in the skin and confuse 
the estimation of dosage. 

Leukemia. — The report of the first cas? of leukemia treated by X-ray 
exposures was published in 1902 by Pusey. What seemed destined to be 
a specific for this hitherto incurable disease proved, however, to be only 
a palliative measure. Although uniformly prompt improvement resulted 
from X-ray exposures sooner or later recurrences followed which would 
yield only temporarily to further treatment; and ultimately the cases be- 
came refractory. Ho authentic case has been cured by X-ray therapy up 
to the present time. From an analysis of the mode of action of the X-ray 
in this disease it is apparent that by irradiation only the symptoms and 
87 A. 



550 


X-RAY THERAPY 


not the ultimate pause are affected, and that the X-ray does not, at least by 
the present method of administration, offer any prospect of eradicating the 
disease. Notwithstanding this fact, however, the X-ray method promises 
a more prompt, certain, and uniform symptomatic improvement than 
any other known form of treatment, and likewise offers the best prospect 
of prolongation of life. 

The X-ray is indicated in the chronic forms of both splenomedullary 
and lymphatic leukemia, the results being much more favorable and easier 
to attain in the former than in the latter. In the acute and subacute 
forms of leukemia the X-ray is strongly contraindicated, since it will not 
avail anything, and may serve to hasten the exitus. The prognosis under 
treatment is better in the young than in the aged and debilitated. 

The action of the X-ray in leukemia is manifested upon the blood, 
spleen, liver, lymphatic glands, and upon the general metabolism. The 
action upon the white blood cells is both quantitative and qualitative. In 
the splenomedullary types the number of white cells sinks with a rapidity 
that is often surprising*. Practically every ease can he influenced, although 
not with the same promptness nor to ihe same degree. In one case reported 
by Grawitz the while cells were reduced from 1,250,000 to 8,000 under a 
six weeks’ course of X-ray therapy. In a favorable case it may be pos- 
sible to reduce tlie white cell count to a figure approaching the normal. 
When ihe normal is approached the exposures should ho stopped. Under 
no circumstances should a leukopenia he produced, although by the usual 
technique the irradiation can be rarely given efficiently enough and with- 
out injury to the skin to produce a leukopenia. Analogous hut less strik- 
ing reduction in tho number of white cells may he obtained in the lym- 
phatic type. 

More important as an evidence of improvement, as a guide to the 
treatment, and as a prognostic factor are the qualitative changes. The 
X-ray acts most energetically upon the more rapidly growing and more 
embryonal types of blood cells. The unripe myelocytes which normally do 
not leave the hone marrow are rapidly destroyed, and may be reduced 
from GO per cent, or GO per cent, to 30 per cent, or 20 per cent, during tbe 
first series of treatments. By vigorously pushing tho exposures the per- 
centage of myelocytes may he reduced 1o 2 per cent, or 3 per cent, or they 
may even disappear entirely. Such an entire disappearance is not always 
possible to fit tain and is of course only temporary. Tbe polymorphonu- 
clear licutrophiles and the lymphocytes are likewise absolutely decreased 
but relatively increased. In tbe lymphatic types the qualitative changes 
are not so easily brought about, and in order to reduce tbe lymphocytes 
to their normal qualitative proportions it may bo necessary to produce an 
absolute leukopenia, which is always objectionable and not easily brought 
about. 

Not infrequently a preliminary increase of the white elements is noted 
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early in the course of the treatment, usually following heavy exposures. 
The anemia which accompanies the leukemia may he improved under 
X-ray treatment, and the erythrocytes and the hemoglobin content may 
increase during the irradiation, such an increase being of good prognostic 
import. The nucleated reds may likewise decrease in number or disappear 
entirely. 

The spleen usually decreases rapidly in size, and when the enlargement 
is slight may return to normal size. In the usual case, however, only a 
moderate decrease in the size of the spleen can be brought about by ir- 
radiation. In rare cases it cannot be reduced at all. In every case it 
tends to enlarge again after treatment is suspended. The lymphatic 
glands likewise decrease in size under X-ray treatment and the liver may 
shrink, although always more slowly than spleen or lymph glands. When 
the mediastinal lymph structures are involved this action of the X-ray 
upon the lymph glands may serve to relieve distressing and dangerous 
pressure symptoms. 

Associated with these changes in the white blood cells and lymphoid 
tissue there are greatly increased metabolic activities as evidenced by 
certain changes in the urine. The uric acid output is greatly increased 
during the period of active cellular destruction. Its amount during the 
twenty-four hours may reach one to three grams. The purin bases and 
the phosphates are likewise much in excess of the normal. The condition 
of the urine may be an important guide as to the progress of the case and 
in determining the required dosage. Excessive amounts of nitrogenous 
debris may cause toxemic symptoms, and in the early stages of the treat- 
ment such signs must be caution sly watched for. 

The amelioration of the general condition of the patient, which usu- 
ally follows so promptly under X-ray treatment, justifies the utilization 
of this method aside from any other considerations. The patients feel 
stronger and the mental depression and apathy often disappear. The 
varied symptoms associated with the anemia improve or disappear. The 
bone pains are relieved and the patients gain weight and may be able and 
anxious to follow some light occupation. The decrease m spleen and liver 
makes the breathing easier and relieves the embarrassed stomach and kid- 
neys. In the lymphatic types such marked changes do not always follow 
irradiation, especially if the patient be past fifty, nevertheless some im- 
provement can usually be noted. 

The technique employed in the X-ray treatment is an all-important 
consideration. Upon a rational conception of the nature of the disease and 
the mode of action of the X-ray must depend the measure of success at- 
tained by X-ray therapy. The action of the X-ray is expended, by its 
selective tendency, upon the pathological lymphoid proliferation. If this 
proliferation be of bacterial etiology the amount of radiation reaching the 
deep tissues cannot possibly destroy the causal germs. The rationale of 
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the X-ray therapy can best be explained upon the assumption that the 
leukemias are a kind of new growth, a sarcoma tosns. X-ray exposures of 
spleen and lymphatic glands destroy the young, sensitive cells, chiefly 
mononuclear leukocytes and myelocytes in these structures, and the size of 
the organs is thereby decreased. TIeinceke showed by microscopical 
examination extensive nuclear destruction occurring in a leukemic tumor 
as early as seven hours after irradiation. General toxic disturbances such 
as fever, headache, vomiting, etc., may result from this cellular disin- 
tegration. AVith this extensive destruction of cells in spleen and glands 
part of the dense infiltration emigrates from llio spleen and lymph glands 
into the general circulation and may produce a temporary increase in the 
white count early in the treatment. This ‘‘poussec leueocytairo” (Auber- 
tin and Beaujard) is soon followed by a great decrease in the number of 
white cells in the circulating blood brought about in several ways. Aside 
from the actual destruction of white cells in the spleen and lymph struc- 
tures, which process also occurs, but in a much less degree, in the cir- 
culating hlood itself, there is apparently developed in the blood a sub- 
stance (my el 010x111) winch inhibits, and may completely stop (tempo- 
rarily), the further proliferation of abnormal cells in the hone marrow. 
With this decrease in the production of cells there is a decrease in the 
amount of poisonous products developed and a corresponding improvement 
in the general condition of the patient. This feeling of well-being often 
occurs before there is any appreciable change in the blood count. Host 
important in this complex process is the development of a leucolytic fer- 
ment in connection with tlie leukocytic destruction, which further dissolves 
tlie white cells, chiefly the mononuclear leukocytes and myelocytes, even 
in areas which have not been irradiated. Linser and Holler showed that 
blood serum from an irradiated animal, when injected into an unexposed 
animal, produced leukopenia, and that leukocytes irradiated in vitro gave 
a like effect. Capps and Smith showed that serum from an irradiated 
leukemic patient produced leukolysis in another unexposed leukemic 
patient. 

The early American and all of the foreign operators exposed simply the 
spleen and lymph glands with little attention to the hone marrow, since 
it was evident that the hone marrow was simultaneously, although in- 
directly, affected by the serological changes in the blood, and that ex- 
posures of the bone marrow alone would not produce the desired decrease 
in size of the spleen and lymph glands. Pancoast in this country has 
come to somewhat different conclusions. Assuming that disturbance in the 
hone marrow is the ultimate cause of the disease, and that the changes in 
the spleen and lymph glands simply represent metastatic processes, he 
concentrates his efforts primarily upon the hone marrow. It lias been ex- 
perimentally proven upon animals that the X-ray can produce atrophy of 
the bone marrow. Pancoast, in contrast to certain German observers, 
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produced a reduction in spleen, although more slowly, by exposures of the 
bone marrow alone. He therefore advises exposing the bone marrow 
primarily and most vigorously and attending to the spleen and other 
structures later. In this manner he hopes to avoid much of the toxemia 
and the temporary rises in the white count which so often accompany 
heavy primary exposures of the spleen. If we regard the bone marrow 
as the primary focus of the disease and the lymphatic enlargements as 
secondary foci Pancoast’s plan of treatment commends itself. A fur- 
ther argument for the soundness of this plan is the fact that, in Pan- 
coast’s series of cases, he found that the patient may regain an almost 
normal state of health and vigor with the leukocyte count remaining 
high and the secondary enlargements nearly of the same size as in the 
beginning. 

The technique of the X-ray exposures in leukemia is that of deep 
irradiation. A filter must always be used. If we adopt the Pancoast 
method the body may be divided into definite areas including as much of 
the skeleton as possible, but avoiding the spleen and the head. These 
areas may be successively exposed, one each day. The danger of injuring 
the skin is thus much reduced. If the treatments are concentrated upon 
the spleen primarily as recommended by most German operators the ex- 
posures should be made from various directions, front, side, and back. 
The center of the organ may thus absorb an amount of irradiation which 
no one area of the skin could withstand. In the lymphatic type the en- 
larged glands as well as the spleen must be irradiated. The method of 
treating the spleen and lymph glands energetically from the start brings 
the most marked and quickest improvement. Whether under this method 
relapses are more frequent and the prognosis more unfavorable than under 
the bone-marrow treatment of Pancoast cannot be determined until more 
extensive comparative statistics are available. 

Certain it is that under any plan of treatment great caution must be 
exercised. Systematic blood examinations are essential. When the leu- 
kocyte count approaches the normal treatment must ho suspended, although 
Pancoast contends that the differential count is the more important and 
that if possible a normal differential count must be striven for, as the dis- 
ease cannot be considered temporarily checked until such normal relations 
are brought about. The aim of the X-ray treatment is not solely the 
reduction of the white cells to the normal, but the general condition of the 
patient should also be a guide. The total quantity of X-rays to be ad- 
ministered must depend upon the general condition of the patient, espe- 
cially as regards metabolism, and upon the tolerance of the skin. When 
the greatest possible improvement seems to have been reached treatment 
should be suspended, to be resumed again as soon as a rise of leukocyte 
count or an increase in the percentage of myelocytes gives warning of an 
impending relapse. Long periods of rest from the X-ray therapy are not 
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advisable. Tho patient must remain under constant observation and the 
whole number of treatments may reach a high figure. 

The prognosis under any form of X-ray therapy must he regarded as 
unfavorable, and occasionally under the treatment there will be fatal re- 
lapses or apparent conversion from the chronic to the acute type of the 
disease with prompt exit ns. Each relapse is usually more refractory than 
the preceding. 

In pseudoloukemia with symmetrical lymph gland enlargements 
( 11 odfjl'in \s‘ dificasr) the X-ray offers more hope than in leukemia, and 
the prognosis as to cure is not always unfavorable. Souk* cases are favor- 
ably influenced. Tho lymphatic enlargements may decrease, or even disap- 
pear, although the latter is not the* rule. Usually some hard nodes remain. 
The anemia often improve*, and if then* is a Icueoevtosis the white count 
may return to normal. There are certain types of tho disease which are 
absolutely resistant to the X-ray, and the heaviest exposures produce no 
apparent change on f lie local enlargements or the general condition. The 
spleen is not. so markedly affected as the lymph glands. Regarding the 
lymphatic, enlargement as a modified type of sarcoma the difficulty or im- 
possibility of eradicating the disease and the great tendency to local 
recurrence or distant melastases make the treatment under any method a 
hard task. Tin* enlargements are often in invisible and in inaccessible 
locations, which makes efficient irradiation impossible. 

Tho writer recalls two such cases in which the cervical enlargement 
promptly disappeared, only to he followed l»y metastases. In one case 
apparently normal health was enjoyed for a year and a half, when in- 
tratlioraeic pressure symptoms developed and a radiograph revealed a 
large mediastinal tumor. In the other case a dee]) epigastric tumor ap- 
peared six months after the cervical glands had subsided. 

In the cases with mediastinal masses the pressure symptoms may be 
relieved or dissipated; and in treating cervical enlargements the mediasti- 
num should always receive attention as a prophylactic* measure. 

The technique is similar to that of sarcoma. If the case is a favor- 
able one for X-ray therapy the enlargements subside with surprising 
rapidity. 

The group of allied, but imperfectly classified, conditions of anemia 
with or without splenic or lymphatic enlargements may be briefly dis- 
cussed together. 

Lymphosarcoma. — The so-called lymphosarcoma or malignant lym- 
phoma may he treated along the lines indicated under sarcoma. At least 
local and temporary improvement is usually attainable. 

Banti’s Disease. — In Ranti’s disease the recorded results from X-ray 
therapy are favorable, although only few cases have been treated. Re- 
garding the spleen as the primary focus of disease the treatment should 
be directed chiefly to this organ. In the published reports a decrease in 
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the size of the spleen and some general improvement are noted. In one 
advanced case treated by the writer the spleen was reduced to abont one 
half its original size, although not to normal dimensions, and there was 
a great improvement in the general condition. The enlarged liver, how- 
ever, can rarely be markedly influenced by irradiation. The effect upon 
the spleen in this condition is more slowly brought about and with greater 
difficulty than in leukemia, because the enlarged spleen in Banti’s disease 
is largely fibrous in its nature and therefore of low radiosensitiveness. 
Likewise in splenic anemia the spleen cannot be profoundly affected by 
the X-ray exposures, and the change produced, if any, is very slight. 
Here, too, the radiosensitive splenic pulp is already atropliipd and replaced 
by radioresistant cirrhotic or amyloid tissue. The blood condition in 
splenic anemia is not improved by irradiation, and the results therefore 
of X-ray therapy are not encouraging. 

Polycythemia. — In polycythemia very little change in the blood con- 
dition has followed irradiation and the spleen is usually not reduced. 
Pancoast recommends exposures over the bone marrow in this condition 
rather than over the spleen. 

Splenic and Lymphatic Enlargement. — In any splenic enlargement, 
especially of an obscure or unclassified type, a trial series of X-ray ex- 
posures may be given. When the hyperplasia is lymphoid in character a 
beneficial effect of varying degree may be expected. If the enlargement 
is due to degenerative and sclerosing processes the outlook is less promis- 
ing ‘ 

Likewise the treatment of obscure lymphatic enlargements can hardly 
be considered complete without a resort to the X-ray. 

Enlargements of the Glands 

Mikulicz’s Disease. — In Mikulicz’s disease a special indication for the 
X-ray exists. Most favorable results have been obtained by irradiation in 
the five reported cases with complete symptomatic cure in three cases. 

Goiter. — The X-ray has been extensively used in treating enlargements 
of the thyroid gland with only a moderate degree of success. The X-ray 
plays a part in the treatment of goiter only in so far as it affords a pos- 
sible means of favorably influencing the gland in cases in which operation 
is contraindicated, inexpedient, or refused. It is generally conceded that 
the X-ray will not cause an entire disappearance of the thyroid enlarge- 
ment, and that the best that can be expected, even in the cases especially 
suited to X-ray therapy, are a moderate decrease in the size of the gland 
and an improvement in the symptoms. The rationale of the treatment is 
based upon the fact that the X-ray inhibits the activity and causes atrophy 
of glandular structures. It follows, therefore, that the parenchymatous 
types with simple hypertrophy of the secreting tissue are more favorably 
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infin cnced tlmn the fibrous, colloid, and cystic types. Where pressure 
symptoms arc marked the reduction in flic size of ilie gland is rarely 
sufficient to entirely relieve them. 

In exophthalmic goiter a considerable improvement may be brought 
about by X-ray exposures. The improvement is eliieily in the toxic symp- 
toms, rather than in the thyroid tumor itself, although the gland may be 
often reduced a third or more. By inhibiting the functional activity of 
the gland and causing a certain degree of atrophy many of the distressing 
symptoms of hyperthyroidism may be relieved. Tin 4 tachycardia, exoph- 
thalmos, dyspnea, and all the varied nervous symptoms may improve. 
X-ray treatment is especially indicated where the severity of the toxic 
symptoms precludes operation. The fibrosis of the gland capsule and adja- 
cent tissues which follows irradiation may increase the difficulty of a 
subsequent operation. 

Results from irradiation of the thyroid are difficult to elicit and re- 
quire a considerable time. Therefore, if the X-ray is resorted to, the trial 
should extend over several months at least before passing judgment. 

The technique is that of deep therapy. A filter should he used and the 
exposures should he made from three different directions in order to safe- 
guard the skin. Although we no longer look to the X-ray to cure goiter 
it is of great importance* to have a remedy which, without pain and with- 
out the great danger so often attending operative treatment, will, in a 
measure, at least, control the toxic symptoms of this condition and reduce 
the size of the gland. Pf aider's statistics of 51 recorded cases of exoph- 
thalmic goiter treated hy X-ray showed a marked improvement in 75 per 
cent. Schwartz’s reports upon forty cases treated by irradiation at IIolz 
kneebt’s clinic arc favorable as to general improvement, of nervous symp 
toms, but the goiter was reduced in only eight cases and tlic exophthalmos 
in only fifteen. 

Prostatic Enlargement. — Attempts have been made to treat, enlarge- 
ments of the prostate upon the smite basis that irradiation has been applied 
to enlargements of the thyroid- Owing to the inaccessibility of the gland 
and the fact that the enlargements are so often fibrous no uniform success 
has attended the efforts. In contrast to a number of favorable reports art 
perhaps a greater number of failures. When the enlargement is chiefly 
glandular some decrease in the size of the gland may he achieved. In th( 
favorable cases reported a prompt improvement in tin* associated urinary 
symptoms has been noted. This method of treatment is still more or les? 
experimental and should he resorted to only when surgical measures eanno 
be employed, as for instance in the very aged and feeble. The treatmen 
is given through the rectum, directing the rays toward the gland through 
speculum. 

Enlargement of the Thymus. — Tn enlargement of the thymus giant 
the X-ray seems primarily and specifically indicated. The treatment wil 
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be more fully outlined in consideration of treatment of status lymphaticus, 
and is mentioned here only to emphasize its value. The writer has had 
most favorable results from X-ray therapy in five cases of enlarged thymus 
in young children. The gland, whether of lymphoid or epithelial origin, 
seems to be very sensitive to irradiation, as verified by experimental X-ray 
exposures of the thymus of young rabbits. The changes produced in the 
gland by experimental exposures have varied from nuclear destruction of 
the small thymus cells to complete atrophy and fibrosis of the gland. 

Diseases of the Respiratory System 

Unresolved Pneumonia. — Based upon the well-known action of the 
X-ray upon rapidly proliferating embryonal cells some careful experi- 
ments were made by Edsall upon unresolved pneumonia. It was found 
that the leucocytic exudate in the lungs could be markedly influenced. The 
action of the X-ray upon the pulmonary infiltrate seems analogous to its 
action upon leukemic infiltrates. The cells of less resistance suffered de- 
generation and dissolution with a coincident improvement of physical 
signs and symptoms. As is uniformly observed in many other conditions, 
the rapid destruction of the cellular infiltrate was followed by marked 
metabolic changes. In the presence of a preexisting toxemia the added 
disintegration products of the irradiated infiltrate may produce undesir- 
able or dangerous toxic symptoms. It is therefore recommended that 
such exposures be employed only in afebrile cases. In the acute stage of 
pneumonia the X-ray is strongly contraindicated because of the resultant 
toxemia. This line of treatment is not recommended as a routine measure 
in unresolved pneumonia, but in selected cases a careful trial may be in- 
dicated. 


Internal Tuberculosis 

X-ray exposures have been used in the treatment of internal tubercu- 
losis , but the results have, on the whole, been disappointing. The active 
influence of irradiation upon tubercles as evidenced in the X-ray treat- 
ment of the fresh tubercles of the skin cannot be elicited in the deeper 
regions. Whatever favorable effects may have followed X-ray therapy 
in deep tuberculosis must be attributed to a stimulation of the tissues to 
react against the infection. Perhaps the best results have followed the 
irradiation of tuberculous peritonitis. That this condition may be favor- 
ably influenced by proper X-ray exposures seems fairly certain, although 
the method has not been widely employed. It need hardly be mentioned 
that X-ray therapy should not displace or interfere with the proper surgical 
treatment. But as a post-operative measure, or in cases where operation 
is contraindicated, inexpedient, or refused, the X-ray may offer some aid. 
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Rircher, in 1907, studied 28 cases of tuberculous peritonitis, 10 of which 
were treated by operation, followed by irradiation, while 12 were treated 
by irradiation alone, with unusually good results in both series. He con- 
cludes that the X-ray is an extraordinarily useful aid in the treatment of 
tuberculous peritonitis. 


Nervous Conditions 

Neuralgia and Neuritis. — Tlie X-ray exerts a unique influence upon 
sensory nerve endings . It was very early observed that following radio- 
graphic examinations of painful conditions there was an amelioration or 
a complete relief from the pain. This analgesic* effect was first attributed 
to the high-tension electrical held surrounding the tube, but it is now 
fairly certain that the X-rays exert a distinct action upon the sensory 
nerve endings, for relief often occurs from exposure's too mild to produce 
any changes in the surrounding 1 issues. The indication for, and the value 
of, irradiation in many of the previously mentioned conditions depend in 
certain measure upon this analgesic* action. This is especially true of 
the use of the X-ray in advanced malignant disease. Upon this basis the 
X-ray has been employed in tlie treatment of neuralgia and neuritis. In 
the so-called neuralgias, in which no cause is apparent, irradiation has 
been followed by favorable results. In such conditions, however, tlie pain 
can usually be influenced more surely by high-frequency currents or other 
methods of treatment. 

Pruritis. — Analogous to the analgesic effect of the X-ray the antipru- 
ritic effect is often the prime consideration in applying the X-ray to vari- 
ous skin diseases. The relief from itching is often more? prompt than 
the relief from pain, and may follow a single mild exposure. The 
X-ray has therefore been found of value in the treatment of pruritis ani 
and pruritis vulvce . Here again the X-ray should he used conservatively 
only after other remedies have failed. The X-ray, however, will not 
cure every case of pruritis, and recurrences may follow an apparent cure. 
Especially favorable are those cases in which the skin is thickened and 
eczematous. The treatment should he undertaken cautiously and unless 
the technical factors of dosage are well under control a Alter should be 
used. A medium tube is indicated. In treating the male perineum the 
testicles should he carefully protected. It is rarely necessary to produce 
an erythema. 

Syringomyelia. — Perhaps the only disease of the central nervous sys- 
tem in which Roentgen therapy has found a place is syringomyelia. Fa- 
vorable results have been recorded by nine observers, chiefly French, from 
the X-ray treatment of fifteen cases. The irradiation is believed to affect 
the gliomatous proliferation and thus relieve the pressure. Improvement 
of varying degree in both motor and sensory symptoms has been reported, 
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but no complete cures. This plan of treatment is of too recent origin to 
permit of an adequate estimate of its ultimate value, but in the absence 
of any satisfactory treatment for this condition the X-ray should be given 
further trials. 

Deep exposures should be given over the cervical spine through a 
filter. 

Influence Upon the Ovaries 

Changes in the ovaries analogous to those produced in the testicle may 
be brought about by X-ray exposures. Because of the deep position of 
the ovaries these changes are much more difficult to bring about than those 
following exposure of the testicles; yet the ovaries are so susceptible to 
irradiation that it appears entirely practical to therapeutically influence 
certain clinical conditions through irradiation of the ovaries. 

It was first shown by Halberstadter, in 1905, that atrophy of the 
ovaries in the rabbit could be produced by heavy X-ray exposures. His 
findings have been verified by numerous experimenters. In small animals 
marked changes in ovaries could be produced without causing even alopecia 
on the overlying skin. There were noticed a disappearance of Graafian 
follicles, decrease in size and number of primordial follicles. These 
changes were followed by regeneration and restoration of normal func- 
tions if the exposures were mild. After heavy exposures the gland be- 
came permanently atrophied and converted into a nonfunctionating fibrous 
mass. 

The technical difficulties incident to the production of these changes 
in the ovaries increased with the size of the animals experimented upon. 
Thus in dogs much heavier exposures were required than in guinea pigs 
and mice. In the human female, owing to the absorption of rays by the 
overlying tissues and the danger of injuring the skin, the problem of effi- 
ciently irradiating the ovaries becomes more difficult. Yet numerous re- 
ports are accumulating in the literature of definite microscopic changes in 
the human ovaries following X-ray exposures. Most interesting is that of 
Fraenkel, who irradiated one ovary (the other being protected) in a woman 
who later came to operation. Both ovaries were removed, the protected one 
showing Graafian follicles and primordial follicles in all stages of matura- 
tion, while the ovary receiving the X-ray exposures consisted of fibrous 
tissue without follicles. 

A great amount of clinical evidence as to the action of the X-ray upon 
the ovaries is to be found in the medical literature of the last few years. 
The chief therapeutic application has been directed to reducing and con- 
trolling uterine myomata by causing atrophic changes in the ovaries. 

Alhers-Shonberg gives the following terse summary of the action of 
the X-ray upon uterine fibroids, which is herewith quoted in part without 
comment : 
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(1) The ovaries suffer, from X-ray exposures, an atrophy especially 
of Graafian follicles, as a result of which an artificial menopause follows. 
This action is especially easily elicited in women near the menopause, 
with greater difficulty in younger women. 

(2) The artificial menopause is accompanied hy shrinking of myo- 
mata and a decrease of the associated hemorrhages. 

(3) Intramural fibroids are best adapted to this treatment, subserous 
less so. In submucous forms this treatment is contraindicated. 

(4) Anemic women with myocarditis, or so-called “myoma hearts,” 
should not be irradiated. Fatal hemorrhage has followed X-ray exposures 
in such eases. 

(5) Certain refractory cases will not yield to this treatment. 

(6) Amelioration of the metrorrhagia and menorrhagia may follow, 
even when an artificial menopause cannot be produced. 

(7) The tumors decrease in size, but rarely disappear. 

(8) The especial domain of X-ray therapy is climacteric hemorrhages 
and pain. 

Fraenkel, in a recent publication, attempts to systematize gynecological 
X-ray therapy hy formulating certain theories to explain the results of 
irradiation of the ovaries. He advocates the use of the X-ray in menor- 
rhagia, dysmenorrhea, female nervous manifestations of sexual origin, etc. 

The production of sterility in healthy women not near tlu* menopause 
by X-ray exposures lias not been proven practical up to the present time. 
While it may be possible to ultimately produce complete* atrophy of the 
ovaries in a young healthy woman the length of time and great amount of 
irradiation necessary to secure such an effect render the procedure un- 
certain. 

The technique employed is that of deep therapy. The skin must 
always he protected by a filter. The treatment always extends over a con- 
siderable period of time and the number of exposures hy the fractional 
method may he very large. The exposures are always given over the ab- 
domen, target-skin distance 12 to 15 inches, penetration 6-8 on the Walter 
scale. Treatments should be given in series of five or six treatments each. 
Single exposures should equal about twenty milliampere-minutes. An in- 
terval of two to three weeks should elapse between each series. The super- 
ficial dose for each series, as measured hy the chromoradiometer placed 
under the filter, should not exceed 4 H. A water-cooled tube, which will 
not drop in vacuum during exposures, is essential. The use of a com- 
pression cylinder, which will desensitize the skin hy producing anemia, 
and will reduce the distance between skin and ovaries, is recommended. 

To bring about more prompt and more certain changes in the ovaries a 
technique is being evolved by radiotherapeutists by which several times 
the erythema dose may he administered at one treatment without injury 
to the overlying skin. A filter 2 to 3 mm. thick is used. 



REFERENCES 


561 


REFERENCES 

Adamson. Brit. Jour. Derm., 1906, xviii, 183. 

Albers- Schonherg. Fortscbritte auf der Gebiete der Rontgenstrahlen, 

Bd. xiv, 132. 

Aubertin and Beaugard. Semaine M6d., No. 5, 1905. 

Brown and Osgood. Am. Jour. Surg., No. 9, 1905. 

Bucher. Die chronische Bauehfelltuberculose ihre Behandlung mit 
Rontgenstrahlen, Aaran, 19 0*7. 

Capps and Smith. Jour. Am. Med. Ass., Oct., 1904. 

Crane, A. W. Am. Jour. Med. Sci., March, 1908. 

Dessauer. Fortschritte auf der Gebiete der Rontgenstrahlen, Bd. xiii, 
255. 

Edsall. Am. Jour. Med. Sci., 1907. 

Fraenkel. Tlierapie der Gegenwart, July, 1910. 

Friedlander. Archives of Pediatrics, Nov., 1911. 

Halberstadter. Berl. klin. Wochens., No. 3, 1905. 

Heineke. Miineh. med. Wochens., No. 48, 1904. 

Helber and Rinser. Wien. med. Wochens., 689, 1905. 

Hippel von Berieht d. optscher Gcs. zur Heidelberg, 1905. 

Pancoast. New York Med. Jonr., Sept. 21, 1907 ; Trans. Amer. Roent- 
gen Ray Society, 1907 ; Amer. Quarterly of Roentgenology. 

Peters. Fortschritte auf der Gebiete der Rontgenstrahlen, Bd. xvii. 
No. 1. 

Pfahler. New York Med. Jour., Oct. 24, 1905. 

. Archives of Physiological Therapy, Nov., 1905. 

Phillip. Fortschritte auf der Gebiete der Rontgenstrahlen, Bd. f viii, 
No. 2. 

Pirie, A. H. Med. Press and Giro., April 7, 1910. 

Rosenstern. Miineh. med. Wochens., 1906, May 22. 

Saboureaud. Ann. de Derm, et de Syphiligraph, July, x, No. 7. 
Schilling. Miineh. med. Wochens., 1906, No. 37. 

Schmidt. Therapie der Gegenwart, Bd. lii, No. 4; Deutsch. med. Woch- 
ens., xxxvi, No. 23. 

Schwartz. Miineh. med. Wochens., lvi, No. 24. 

Schutze. Med. Klinik, 1905. 

Schwartz. Wien. klin. Wochens., Sept. 17, 1908, No. 38. 

Senn. New York Med. Record, 1903. 

Walter. Fortschritte auf der Gebiete der Rontgenstrahlen, Bd. xiv, 342. 
Warthin. Am. Jour. Med. Sci., May, 1907 ; Am. Quarterly of Roent- 
genology, April, 1907. 



CHAPTER XII 


PSYCHOTHERAPY 
Louis Casamajob 

Psychotherapy, healing through the medium of the mind, is the oldest 
of established therapeutic procedures. Ever since primitive man began 
to search for the causes of his pains and other symptoms, and through 
them a cure, psychotherapy has been a part of most, if not all, thera- 
peusis. At the earliest dawn of civilization the idea of external influences 
causing disease was predominant, and such influences were usually the 
wrath of the gods, or possession by demons. Prayers, sacrifices, and re- 
ligious rites, then the first of therapeutic measures, were purely psycho- 
therapeutic. The miracles of the numerous saints, gods, demigods, proph- 
ets, leaders, and other holy men that play so prominent a part in the folk 
lore and the literature of every race early established psychotherapeutic 
practices in the popular mind, and it was thus that the close connection 
between psychotherapy and the Church was founded. This relationship 
exists to-day to no small extent, as is proven by the fact that most of the 
“new 55 religious cults which are continuously springing up around us 
rely for their power of attracting and holding devotees mainly on the 
ability of this or that idea or “new thought ’ 5 to cure disease — usually the 
functional disturbance of the nervous system. 

This primitive, larval psychotherapy is without exception suggestion 
therapy, and it was not until comparatively recent times that the world 
knew any other form of psychotherapy but suggestion. Suggestive meas- 
ures are used by all races, and their origin, like that of other supersti- 
tions, is, for the most part, lost in the dim obscurity of the beginning of 
races. The prophylactic and therapeutic use of charms and tokens is as 
old as man. himself ; nor have the advances of science and twentieth cen- 
tury culture succeeded entirely in replacing them. The greasy amulets 
and scapnlars are so frequently seen by physicians, especially those doing 
dispensary work, that they rarely stop to reflect on their origin as charms 
against disease. The negro who treasures his rabbit’s foot, and the far- 
mer who carries a horse chestnut in his pocket to ward off and cure rheu- 
matism, know and care as little about the origin of their idea as does 
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the fond mother who ties the amber beads around her child’s neck to 
prevent the dreaded croup. Since time immemorial, the “hair of the dog 
that bit you” has been “good for hydrophobia.” Even in this enlight- 
ened age magic stones and rings for the cure of disease are bought by the 
credulous. The boy, that prototype of primitive man, is firm in his be- 
lief in charms, for who, who has been a boy, does not hold in his memory 
some of those mystic means of removing warts ! 

Suggestion, then, has been the principal psychotherapeutic agent since 
the birth of therapy, and until lately has been the only one. Hence, it is 
fitting that we deal with it first, and leave the more modern reeducation 
for the later section. Psychotherapy as a broad subject may be divided, 
then, into three main headings, with subdivisions, as follows: 

A. Suggestion Therapy — 

1. Simple suggestion in the Conscious State. 

2. Hypnotism. 

B. Reeducation — 

1. The method of DuBois. 

2. Psychoanalysis of Ereud. 

C. Secondary Agents — 

1. Occupation. 

2. Exercises. 


A. SUGGESTION THERAPY 

1. Simple Suggestion in tiie Conscious State 

Suggestion may be defined as the absolute acceptance of an idea as 
true without previously applying to it any critical reasoning or logic. 
It may he divided into two forms: autosuggestion, when the suggestion 
comes from the individual himself, and heterosuggestion, when the sug- 
gestion comes from others. Likewise, we may consider suggestion as di- 
rect or indirect. Suggestion is said to be direct when the idea is given 
directly, and of itself, to the patient without any intermediary agent. 
When one tells an hysterical patient that his arm is anesthetic, and it 
immediately becomes so, the suggestion has been direct. Indirect sug- 
gestion is that in which the idea is given to the patient in a roundabout 
way, or by means of a definite agent. The therapeutic workings of bread 
pills, placebos, etc., are instances of indirect suggestion therapy. 

Suggestion causes as well as cures symptoms, and every one is sug- 
gestible to some degree. “The suggestible element,” says Sidis, “is a 
component of our natures. It never leaves us, is ever with us.” The 
suggestibility of normal waking life is usually not great, but in some 
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diseases, notably hysteria, it dominates the individual. In normal per- 
sons extremes of suggestibility do not exist in the waking state, and are 
seen only during hypnosis. 

Naturally suggestibility is subject to great variations, not only be- 
tween different individuals, but at different times in the same individual. 
Children are normally very suggestible, much more so than adults, and 
middle-aged people respond to suggestion better than those who are old. 
It is the common observation that women are more suggestible tban men. 
Suggestion is a form of belief, or possibly the relationship may be re- 
versed and Ihe same rules obtain in both cases. The less an individual 
is accustomed to reason and to apply critical judgment the more sus- 
ceptible he is to suggestion. 

The variations in the same individual depend on his state of health 
and the capacity of his attention and his reasoning power. The increased 
suggestibility during illness has been a common observation from early 
times. Rabelais very accurately portrayed this fluctuation of suggestibil- 
ity in the ordinary man when lie wrote his well known couplet: 

“The devil was sick, the devil a monk would he; 

The devil was well, the devil a monk was he.” 

Autosuggestion practically docs not exist in the normal individual, 
but it plays an important part in the causation of many hysterical symp- 
toms and, notably, hypochondriacal manifestations. Suggestibility as a 
cause of the symptoms of hysterics, neurasthenics, an l other neurotic in- 
dividuals is a matter of daily observation to the physician. The had 
effects wrought in some patients through ideas culled from the conversa- 
tion of others, from the reading of medical books, or, worsp, the so-called 
medical advertisements in the newspapers, are too axiomatic to call even 
for comment. Instances of severe illness and often of death itself, aris- 
ing from simple suggestion, usually indirect, are so common that they 
are accepted without question by the world at large. 

Suggestion since earliest times has been and still is such a consider- 
able part of the armamentarium of every practicing physician, that it is 
often very difficult to draw the line between those cures occasioned by 
suggestion and those due to other agents. Not even surgery is free from 
suggestive influences. The beneficial effects which certain operations, 
notably those correcting uterine displacements and floating kidneys, occa- 
sionally have upon the functional nervous disorders may often be ascribed 
as much to indirect suggestion as to the physiological effects of the oper- 
ation. Likewise, an understanding of the possibilities of suggestion as a 
therapeutic agent lias, in recent years, changed to a large measure the at- 
titude of the physician toward drugs and drug therapy. It is this realiza- 
tion of the power of suggestion, so forcibly brought to our minds by the 
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cures of various sects, “therapies” and “pathies,” in themselves purely 
suggestive, which is responsible to a large degree for the therapeutic pes- 
simism and nihilism which of late the younger physicians have been so 
frequently accused of. 

Confidence of the patient in the physician has through all time been 
recognized as an essential for the proper treatment of the case, and this 
confidence is nothing more than the patient’s susceptibility to the physi- 
cian’s suggestion. The indirect suggestion that goes with every drug 
prescribed to a conscious patient has more or less effect on the result. 
How much, it is often impossible to say. The vogue that this or that 
drug or method of treatment has had, and is still having, in neurasthenia 
and other psychoneuroses, testifies often more to the value of psycho- 
therapy than to the power of the particular fad. The indirect sugges- 
tion which is such an important asset to cure resorts and healing siirings 
is brought forcibly home when one reflects how inefficient these same 
treatments and mineral waters so frequently show themselves in the pa- 
tient’s home. It is hardly the province of the author to discuss or at- 
tempt to outline the psychotherapeutic value of drugs, hydrotherapy, elec- 
trotherapy, mechanotherapy, massage, etc., as a means of indirect sug- 
gestion, but one must always bear in mind that they all have in them 
an element of suggestion which is not inconsiderable in the production 
of results. 

It is practically impossible for one to attempt to outline methods of 
giving suggestion to patients. Every physician who practices must nec- 
essarily utilize suggestion therapy more or less in his everyday life, and 
the method he employs is that with which he has obtained the best re- 
sults, and in all probability differs markedly from that of his neighbor. 
The physician’s personality and the personality of the patient naturally 
determine the method in which suggestion is given ; for, while in one case 
the direct suggestion that this or that pain will disappear is frequently 
efficacious, in a second case such simple suggestion methods are of no 
avail, and arouse in the patient an antagonistic attitude. 

2 , Hypnotism 

Historical Review. — Hypnotism as a scientific study is a development 
of modern times, bnt the phenomenon in itself was known to ancient races. 
Many of the sayings of oracles which so often influenced the course of 
ancient history were the productions of individuals in the hypnotic state. 
Thus, for instance, the Gnostic sect in Egypt in the second century, A. D., 
according to Brugseh-Pascha, obtained oracular utterances from per- 
sons in whom they had induced hypnotism by closing the eyes and strok- 
ing them. HCsculapius is said to have quieted excited patients and in- 
duced sleep in them by rubbing. 
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Paracelsus and his followers first began to speculate on the nature 
of hypnosis and applied lo it the name “magnetism.” They conceived of 
a magnet ie fluid arising from magnets which one could project at will 
to anybody and thus influence his movements and state of mind. Gass- 
ner, a German priest, born in 1727, began the study of '‘magnetism” 
and its relation to disease, although up to this time the ideas of Paracel- 
sus and liis followers, especially Flmld, had been violently combated by 
the Church. In his work, principally with hysterica, lit 4 learned that 
catalepsy, anesthesias, paralyses, twitehings, blindness, di afness, and other 
symptoms could lie caused to appear by his mcl hod as well as to subside. 

Of all of the early investigators of the psychic phenomenon we now 
call hypnotism there is none more prominent than Mesmer. Franz An- 
ton Mesmer was horn in Germany in 3 734, and died in 1835. At heart 
lie was a mystic and filled with the fantastic ideas of the ancient alchem- 
ists and ealmlists. In 3 77f> he visited Gassner in Regensburg, and ob- 
served his work and results, and thus began his own interest along these 
lines. The magic power of flu* magnet at first was to him the basis of 
the phenomena he observed, and lie invariably used a small magnet as a 
means of inducing hypnosis. Later he found that the magnet was not 
absolutely essential, for he obtained the same results by stroking the pa- 
tient’s body with his hands from head to foot, and even by making passes 
with his hands near the patient, without so much as touching him. Rea- 
soning by analogy, lie conceived of an “animal magnetism” in contra- 
distinction to “mineral magnetism,” the active, force of Paracelsus. This 
animal magnetism, according to Manner, was a iluid of inconceivable 
fineness which could be projected into others and influence them for good 
or for evil. The extent of the impression which Mesmer left upon human 
thought can he no better shown than by the persistence in the minds of 
many, even in this day of scientific accuracy, of the idea of “animal 
magnetism” of malicious intent. From this time on M earner's ideas 
dominated this branch of psychic study, and the name “Mesmerism” was 
given to the phenomenon we now call hypnotism. Petetin in 1787 de- 
scribes a cataleptic state occurring from mesmerism. 

Abbe de Faria (3S14) brought new light into this dim realm of 
thought when he denied the existence of an animal magnetism, and stated 
that the phenomenon was brought about not by any external force, hut 
by the mental processes of the patient himself ( imagination L lie dis- 
covered that mesmerism could be produced not only by rubbing the pa- 
tients and by making passes over them with the hands, but also by having 
the patients look fixedly at his open hand while he repeated the word 
“sleep” with emphasis. This was the earliest use of suggestion in the 
induction of hypnosis. In 1821 Dupotet introduced mesmerism into 
the Paris hospitals. 

Lafontaine brought hypnotism to England in 1843, and there it at- 
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tracted the attention of the surgeon Braid. He held firmly to the 
old idea of a magnetic force as the cause of the phenomenon, but he 
utilized ocular fatigue in having the patients look at an object held above 
the head in inducing “magnetic sleep.” He was the first to recognize 
that one can bring magnetic sleep upon himself (autohypnosis). Braid 
used his magnetic sleep with good results in many diseases, and succeeded 
in performing operations painlessly while his patients were in this con- 
dition. When Braid discarded the magnetic theory he, in searching for 
a name for the phenomenon, called it Hypnotism. 

In America Grimes began the study of mesmerism about one year 
later than Braid, but the work was not scientifically pursued by him at 
first. In fact, in its early days in this country, it was the stock-in-trade 
of traveling quacks who termed themselves “Professors of Electrobiology.” 

From this time on we must turn to France for the further develop- 
ment of hypnotism. In 1866 Liebault established a clinic for hypnotic 
therapy in Nancy, and, ten years later, Charcot and his pupils took up 
the scientific study of Hypnosis, especially in relation to the therapy of 
major hysteria in the Salpetriere in Paris. By this movement Hypnotism 
was lifted from the realms of mysticism to the plane of a scientific study. 
The master mind of Charcot analyzed the phenomena, divided and 
classified them, and applied hypnotism systematically and with a definite 
purpose. It is to Charcot that we owe for the most part the knowledge 
of hypnotism which we possess to-day. The Salpetriere school divided 
hypnotic states into lethargic and somnambulistic. These classifications 
are of only historic interest, and to describe them here would do little but 
confuse the reader. 

After Charcot many scientists interested themselves in hypnotism, 
and the subject developed very rapidly. Space allows us to mention but 
a few of the more prominent names with which hypnotism is associated : 

Babinsld, Binet, Gilles de la Tourette, and Prosper Depin in France ; 
Heidenhain, Burges, Binswanger, KrafFt-Ebing* Obersteiner, Bernheim, 
Forel, Moll, and Lowenfeld in Germany; Jendrassik in Hungary; Bech- 
terew in Russia; Lombroso and Morselli in Italy; Vincent, Kingsburg, 
and Bromwell in England; and Beard, Hammond, Beach, Mills, and 
Sidis in America. 

Susceptibility to Hypnotism. — It is probable that every normal in- 
dividual is susceptible to some degree of hypnosis, but authors are by no 
means agreed on this point. The individual reaction not only of the pa- 
tient, but also of the physician, is necessarily very great, and this may 
account for the varying results obtained. The percentage of susceptible 
individuals which different authors have observed is given at anywhere 
from 30 per cent. (Bottey) to 100 per cent. (Vogt). 

As a general rule, young people are brought to the higher degrees of 
hypnosis more easily than those of middle and advanced age. Possibly 
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women are more easily influenced than men, hut in such a comparison 
between the sexes only those of the same educational attainments and 
temperament can be considered together. Sensitive, high-strung people 
are usually more susceptible than robust, muscular ones. Invariably un- 
cultured, unthinking persons lend themselves more readily to hypnosis 
than do the educated, and the reason fur this lies in the lack of critical 
reflection in the former. The serious-mimled, as a rule, make good hyp- 
notic subjects, while a facetious, jocular manner with a tendency to laugh 
forms a harrier practically iiisurmoun table. Heavy drinkers frequently 
are very susceptible to hypnosis, and possibly this may he accounted for 
by the deterioration in critical judgment which often accompanies chronic 
alcoholism. Severe neurasthenics, to whom this met hod of treatment is 
so frequently applied, behave in the same way as do healthy normal in- 
dividuals. The personality of the hypiiolizor is a very important clement 
in the susceptibility of the patient. Tt does not consist, of any magic 
electric force of a personal magnetism, hut rather of the impression he 
is able to make on tlie patient of his ability to bring on the hypnosis and 
to aid the patient. This fact alone can account in great measure for the 
higher percentage of susceptibility reported by some observers, as well as 
for tin* much better results obtained in cases by specialists than by the 
general practitioner. The other personal element — personality of the 
patient — is one of the most important elements of all. In the matter 
of hypnosis the will of the patient acts in just the same manner as in 
sleep. Ho one can be hypnotized without his consent, or against his will, 
for the early stages of the hypnotic procedure require concentration of 
the attention, and this implies the will of the patient. The onset of hyp- 
notic sleep must always he willed by the patient, hut after that the pa- 
tient’s will plays little or no part in the condition. 

Technique of Hypnotization. — There have been numerous methods 
proposed for inducing hypnosis, hut they can all he arranged in two 
groups: 1, Sensorial irritation; 2 , direct production of sleep (suggestion). 
The first group includes stimulation of all sense organs — eyes, ears, skin, 
etc. Ho matter what method of sensory irritation is used, the. only point 
to strive for is the concentration of the attention. This serves to narrow 
the sphere of consciousness at the start, which is essential for the onset of 
hypnosis. The eyes are utilized by having the patient fix his gaze on 
some external bright or dull object, or some part of his own or the physi- 
cian’s body. In the sphere of hearing the ticking of a watch, the sound 
ef running water, and monotonous single notes, such as from a tuning 
fork, have a like effect. Similar results arc obtained by slowly stroking 
some part of the body or by passing the hands in front of or over the 
body. In short, anything which favors the concentration of attention 
facilitates the onset of hypnosis. "Fixation of the eves is the oldest and 
still the most used method. It was used by the Yogis of ancient India 
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centuries ago, ancl their clear crystal balls, into ■which they gazed and 
foresaw events, have not, even to this day, gone out of our life. Hany 
different objects have been used for ocular fixation — glass balls, metal but- 
tons, lenses, coins, etc. — and all are efficacious, as the fixation is the im- 
portant thing. Von Thuya used a revolving mirror and Preycr a candle 
flame. Other authors prefer a small horseshoe magnet, while the eyes or 
fingers of the physician suffice others. 

Stroking with the hands must he done slowly and gently in the same 
direction over some part of the body, preferably the face and eyes. If 
bodily contact is to he avoided the same result may be obtained by pass- 
ing the hands near the body from the head to the hips, and then return 
them to the head in a wide arc. Lowenfeld uses stroking only in women 
and children, and always combines it with verbal suggestion. In some 
cases stroking retards rather than promotes hypnosis, and in others it 
appears to act perfectly indifferently. When it has proven efficacious, it 
is often all that is required to again hypnotize the patient. The use 
of mild auditory stimuli for hypnosis is now rather rare, if one excepts 
the low-toned monotonic voice one uses in talking to patients while giving 
the direct verbal suggestion. 

Direct suggestion is the modern method and the only one which gives % 
uniform results. Even when other methods are used, it is suggestion 
which we rely on for tile most part. It is best always to explain to the 
patient exactly what you are going to do, the nature and workings of 
hypnosis. This is very essential in educated patients, and less so in the 
case of the ignorant. The explanation should he worded as simply as 
possible, and the patient impressed with the fact that there is nothing 
supernatural or mystic about the process ; emphasize that it is not an ex- 
periment, hut a method of cure; that his will will not be weakened, nor 
will it become dependent upon that of the hypnotizer. If the patient is 
still refractory, some physicians make a practice of hypnotizing other pa- 
tients before him. While this may he efficacious, it is very seldom prac- 
tical. Hypnotism is always more difficult when a third party is present, 
and, not infrequently, a completely hypnotized subject will immediately 
awaken as soon as some one else enters the room. There are, of course, 
instances where a witness is indispensable, such as when the patient is 
a girl or young woman. In this case it is frequently found best to have 
the third person sit in an adjoining room with the door open. 

Surround the patient with all possible conditions favorable to sleep. 
Let him lie comfortably on a sofa, recline in an easy chair, or in any 
other position in which he prefers to sleep. If the patient is accustomed 
to taking an afternoon nap, choose that time for the hypnosis. 

Practically everyone has a different method of approaching his pa- 
tients, and the details of individual methods of hypnosis induction nat- 
urally differ to some degree. Each observer finds his own method the 
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best, so it remains for us here only to outline some of the detailed methods 
which have been published, which will serve as a groundwork for the de- 
velopment of the technique. 

Eernheim's procedure is as follows: First, lie explains to the patient 
that hypnotism can aid and cure him, and that it can have no dangerous 
or extraordinary effects on him ; that it is simply a sleep or stuporous 
condition which can he produced in anyone, and that Ihe condition results 
in a beneficial equilibrium of the nervous system. When necessary he 
hypnotizes one or two subjects before the patient to show that there is 
no danger; when the patient is ready, he is placed in a comfortable posi- 
tion, and the physician says : “Hook steadily at me and think of going to 
sleep. How your e3 T es arc tired, and you begin to feel a heaviness in 
your eyelids. Your eyes are blinking. They are becoming moist, and 
you can no longer see clearly. Now your eyes are closing.” In some 
cases this is enough to cause the eyes to close, but, if it is not successful, 
it may be repeated with emphasis and manipulations of some sort used. 
For instance, he tells the patient to look at two fingers of the physician’s 
hands held before his eyes, or else he strokes the eyelids from above down- 
ward, still saying: “Your lids are closing; you cannot open them; your 
arms and legs feel weak; you hear nothing; your hands arc as if para- 
lyzed ; you can no longer see ; sleep comes over you ; you arc asleep.” 

As a modification of the above method, the following has been ad- 
vised: The physician holds a small magnet or coin or other object in 
front of and just above the patient’s eyes, and says: “Look closely at 
the magnet (coin, etc.), and think only of going to sleep.” Then, with 
the voice becoming lower and more monotonous, he continues: “Your lids 
are becoming heavier and heavier ; you blink ; your eyes are filling with 
tears; your sight is getting dimmer; your eyelids sink lower and lower 
(here lower the object slowly), and now close; you are already sleepy 
and feel more and more so. Your head, your whole body, is tired; you 
no longer hear clearly, hut as from a distance. You no longer see, you 
are becoming sleepier, and now you fall asleep.” In most cases this is 
successful, but in others it must be repeated. In this method wc see that 
the verbal suggestion is aided by two other important factors — one, fixa- 
tion, and two, monotonous voice. 

Lowenfeld uses a rather more elaborate technique, and one which has 
much to recommend it. He has his jmtients comfortably placed on a 
couch or in an easy chair, and, using eye fixation, the same as in the last- 
mentioned method, he talks as follows, always in a dull, monotonous tone: 
“Keep perfectly quiet and don’t be concerned about anything else. A 
tired feeling, a feeling of pleasant, comfortable rest comes over you more 
and more. All your nerves, all your limbs, your whole body, becomes 
quieter and quieter; your head feels more and more tired. The tired- 
ness extends to yonr eyes, and they become tired and heavy, heavier and 
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heavier. Your sight becomes indistinct, dim, and weak; your eyes are 
very tired, very heavy; your lids sink more and more, droop more and 
more, and now completely close (lower the fixation object while saying 
this). Your eyes are now closed; fatigue and sleepiness rapidly come 
over you. Your body becomes ever quieter and stiller ; you breathe slow- 
ly and quietly ; your heart beats slowly and quietly. Everything becomes 
quiet in your head. Thoughts become less and less ; slower and slower ; 
less and less; and the thoughts drift away from each other until your 
head is confused. Slumber comes over you; you slumber peacefully 
(lower your voice from now on) . Sleepiness, drowsiness, becomes greater. 
You no longer think of anything ; nothing concerns you ; you know nothing ; 
you see nothing ; you hear only dimly and weakly. You feel nothing, you 
sleep ever deeper and deeper ; consciousness disappears ; you sleep quietly 
and softly, ever softly and quietly.” Such a procedure of verbal sugges- 
tion is usually successful, but there are some cases in which the eyes have 
a tendency to open after they have been closed. In this case gentle strok- 
ing of the lids from above downward completes the hypnosis. 

In analyzing this technique we see that it consists of three parts, each 
one of which represents a step in the hypnotizing process. The first de- 
velops fatigue and sleepiness, and so begins hypnosis. The second brings 
on hypnotic sleep, and the third deepens the sleep. 

The modifications and variations of the above-mentioned procedures 
are too numerous to catalog, but one or two may be mentioned. Bern- 
heim, often in the early stages, raises one of the patient’s arms, and, 
placing it against the wall, says: “Your arm is stiff; see, it is not work- 
ing well ; your arm is becoming stiffer ; you cannot lower it.” When the 
patient tries to do so, hold it up and say rapidly: “On the contrary, 
when you try to bring it down, it goes up toward your head. See, I am 
lifting it up toward your head.” In refractory cases this is often very 
valuable, as it tends rapidly to narrow the consciousness. 

Vogt advocates what he calls a fractional method. In this hypnosis is 
induced in stages, for the patient is awakened occasionally to orient him- 
self, and then the hypnosis is again started where it was left off. While 
Vogt claims great results for this method, and especially in obviating 
unpleasant results, most authors have found it less efficacious than the 
continuous method, and it is never to be recommended to beginners. 

In very refractory cases some authors have advised that sedatives 
and narcotics be used in order to increase the hypnotic suggestibility. 
Those which have been used are morphin, bro-mid salts, chloral, paralde- 
hyde, and the inhalation of small amounts of chloroform and ether. On 
tlie whole, such adjuncts are of little value, and whatever aid they may 
give is probably due to the autosuggestion they engender. 

Autohypnosis, the ability of the patient to induce hypnosis in himself 
without the intervention of another, is by no means rare. It occurs most 
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frequently in patients who have often been hypnotized and who have be- 
come more susceptible to hypnosis each time. The hypnosis usually comes 
on when the patient is surrounded by some of the circumstances in which 
he is usually hypnotized. Those patients with whom loud noises have 
been used to institute hypnosis may go into the state spontaneously under 
similar circumstances. Kuh reports the case of a young woman whom 
he had frequently hypnotized by the sound of a gong. In time she be- 
came so sensitive that any loud one-toned note would immediately throw 
her into hypnosis. One day, while crossing the street, the sudden clanging 
of a church bell threw her in a state of hypnotic sleep. She was run 
over by a wagon and killed. Other persons have been known to hyp- 
notize themselves by looking at bright objects, pictures, letters, telegrams, 
etc. 

Awakening of the Patient (Dehijpnolizntion ). — As a general rule, this 
is much simpler than the original hypnotization. In most cases all that 
is needed is to tell the patient to awaken, but, if the hypnosis has been 
very deep, it may he necessary to repeat the command. When this is 
not successful, a thing which very seldom occurs, use any of the methods 
for awakening from normal sleep, such as a slap on tlie face, shaking 
the patient’s arm, or calling his name. Very seldom one sees patients 
who, after awakening, cannot open the eyes. In this case rub the lids or 
blow gently on them. 

If the hypnosis has not been very deep, it is not uncommon for the 
patients to awaken spontaneously after a few minutes to a quarter of an 
hour ; while, in deeper hypnosis, sleep may last one or two hours. Sharp 
sensory irritation, such as loud noises, bright lights, etc., always awaken 
the patient, although he may return to sleep immediately. Internal stim- 
uli may have the same effect, such as coughing, pain, colic, etc. Dreams, 
disturbing and otherwise, may also bring about the return of conscious- 
ness. Lowenfeld tells of a woman who was awakened from hypnotic 
sleep by dreaming of a canary singing loudly. 

Hot infrequently sudden awakening is followed by unpleasant effects, 
headache, fatigue, etc. The best way to accomplish the awakening is to 
tell the patient to awaken after five or ten minutes, or else say, “Wake 
up when I have counted three.” And after a pause count up to three 
in a rather loud voice. When hypnosis has been used simply to get the 
effect of the sleep, one may say, “Wake up at the end of a half hour,” or 
any other set time, and usually the patient will do so. The two main 
causes for difficulty in awakening a patient are both suggestive on the 
patient’s part. If he lias a fixed idea beforehand that he will he difficult 
to arouse, in all probability he will be. The other cause is autosuggestion 
during sleep, in that the patient’s autosuggestion to remain asleep is 
stronger and more active than the heterosuggestion to awaken. 

A final word may he spoken about the futility of violent attempts to 
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hypnotize resistive patients* If the attempt is not successful, do not push 
it until the patient is fatipied. It will not make the next attempt any 
easier, and it may make it impossible, as the patient may get the idea 
that he is not hypnotizable. Setter send the patient away to return an- 
other day, when he may be in a more susceptible mood. 


Normal Hypnosis 

Stages. — The division of any phenomenon into stages must necessarily 
be more or less artificial, and vary with the individual who does the divi- 
sion. In hypnosis a varying number of degrees or grades of hypnosis 
have been described. Bernheim divides normal hypnosis into nine stages; 
Liebault into six; Eontans, Segard, and Forel into three; Delbceuf, Dis- 
soir, and Hirsehlaff into two. For el's three degrees are the simplest and 
most easily understood, and hypnosis will be considered here from this 
point of view. 

X. Somnolence. The hypnotic influence is very slight, for the patient 
can resist any suggestion, and also can open the eyes. 2. Light sleep, 
hypotaxia, or charm. The patient is unable to open his eyes and must 
accept at least a part of the suggestion offered, if not all. There is no 
amnesia for the hypnosis. 3. Deep sleep or somnambulism. This is 
characterized by great suggestibility, amnesia on awakening, and post- 
hypnotic phenomena. For ordinary therapeutic work an intermediary 
degree of hypnosis between stages 2 and 3 is most efficacious. 

Activity of Associations. — In the state of deep hypnosis the patient 
appears unconscious, but in reality he is able to appreciate all kinds of 
sensory impulses, and to weigh them logically and understandinglv. 
Likewise, he is capable of carrying out any mental operation which is 
within the capacity of his mentality when awake. The most important 
change that hypnosis brings about is the limiting of activity of associa- 
tions. This change manifests itself in the readiness with which hyp- 
notized patients will answer questions in great detail, telling things which, 
when awake, they would zealously withhold. This open-heartedness is 
the result of a limitation of association activity, in that all the associa- 
tions which, in the waking state, would tend to cause the patient to hide 
a thing never enter into the hypnotized consciousness. This narrowing 
of the field of association also accounts for the increased suggestibility 
in hypnosis. When one suggests to the hypnotized patient that he is in 
a garden, at a theater, or in a strange city, and he sees the surroundings 
suggested, the basis for this credulity is the same limitation of associa- 
tions which works to keep out all remonstrance. The narrowing of the 
mental horizon also may account for the supposed increased mental ca- 
pacity in some hypnotized subjects, such as increase of mathematical ac- 
curacy, speed, etc. Gilles de la Tourette remarks that one often sees 
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poor, uneducated, stupid girls appear bright and lively and intelligent 
under hypnosis. This last observation may be due to the fact that one can 
bring out isolated points of a patient’s life, or increase mental activity 
along certain lines. 

The Activity of the Will. — The will is truly and actually diminished 
in hypnosis, and so much so that many authors have considered this de- 
crease of will power to be the most characteristic feature of hypnosis. 
Mental spontaneity appears to be lacking. Whatever thoughts and acts 
the patient indulges in are suggested by the physician. The degree of 
will power lost varies in different hypnotic conditions, and does not depend 
simply upon the degree of hypnosis, for the personality of the patient 
plays a considerable role in the process. In somnambulism two opposite 
types of subject are seen. The first consists of those individuals who 
react actively, follow all suggestions rapidly, say and do what is wanted 
of them. The others are the passive cases wdio are apathetic, do not carry 
otit complicated acts at all, either do not answer questions, or simply 
make slow lip movements. Of course, the two types depicted here are 
the extremes, and we see in between them many intermediary stages. Even 
in the lesser grades of hypnosis, the degrees of will power diminution 
are shown in the suggestion of automatic movements, catalepsy, and pal- 
sies. Many people who have experienced the lower grades of hypnosis 
say that the feature of the condition most striking to them is the inability 
to perform voluntary movements. These patients frequently realize per- 
fectly the loss of will power during the hypnosis, and often they will con- 
centrate such little will power as remains to the development of resistance 
to suggestion. 

Suggestibility. — As has been mentioned above, increased suggestibility 
is one of the most characteristic features of hypnosis. The degree of 
suggestibility depends directly on the amount of narrowing of asso- 
ciation activity and of diminution of will power. It has been claimed 
by some that the suggestibility varies directly with the depth of hyp- 
nosis, hut this is not always true. It is true that most cases are more 
suggestible in the stages of sleep than in light hypnosis, hut it is not 
uniform. It is possible for hypnosis to be so deep that the mind is 
incapable of receiving suggestive impressions. It is known that there 
is no relation between the ease with which a suggestion is taken dur- 
ing hypnosis and the duration of the suggestion after awakening (post- 
hypnotic) . 

Memory. — In studying memory in hypnosis one divides it into two 
headings: (a) the capacity of retaining events of the present and of re- 
producing them after the onset of hypnosis; (b) the capacity to repro- 
duce happenings that once were in the memory and accurately to connect 
them with the place and time of their occurrence. These two divisions 
comprise, then, the memory for the recent and for the remote past. The 
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memory for the recent past includes memory of events during the hypnosis 
and for those of a less recent past. 

The memory for the remote past is sharpened to a high degree in 
hypnosis, but not for all events of the past. If the patient should be 
asked to tell what he did on a certain day, week, month, or year, no bet- 
ter results are obtained in hypnosis than in the waking state. Neverthe- 
less, hypnosis is a condition of increased memory ability, for it is pos- 
sible to awaken during hypnosis not only memories of normal life which 
have been lost to the waking consciousness, such as forgotten languages 
of childhood, but also those of abnormal conditions which have never 
existed in the memory of waking consciousness. This is done by sugges- 
tion and leading the memory back to the conditions and surroundings in 
which the event occurred. It is possible in this way to awaken mem- 
ories of dreams and of occurrences and thoughts in hypnotic states, hys- 
terical attacks (Dammerzuslande) , and even epileptic obscurations. By 
suggestion also memory can he directed in different directions and pa- 
tients can be made to read and write in a foreign language they once 
knew, to play the piano, to sew, etc. Likewise, it is possible for the mem- 
ory to he caused to fail, and the patient will forget the conditions of his 
everyday life, that he is married, what his business is, etc. 

The memory can also be falsified and patients will indulge in fabrica- 
tions and romance, a fact which must be always borne in mind when one 
is dealing with memory aroused by hypnotic suggestion. Closely con- 
nected with this is the change of personality which suggestion can occa- 
sionally effect. Thus adults can be made to talk and act like children ; a 
shopkeeper become a farmer; a Congressman a priest, George Washing- 
ton, Napoleon, etc. With these suggested ideas accepted, the patient 
proceeds to act the part in great detail. Very suggestible persons may 
sometimes be changed to animals, dog, cat, etc., a stone pillar, or a car- 
pet. It is very doubtful whether the patient actually believes he is the 
thing he pretends to be, and it is much more probable that he simply acts 
the part given him, as an actor does on the stage. 

The retention of events during hypnosis in the waking consciousness 
is subject to much variation. If the hypnosis has been very deep there is 
usually amnesia for the hypnosis immediately after it, hut at the end of 
a few hours or a day the memory usually returns, either completely or 
in part, so that the patient is confused as to the events. Again, there are 
cases in which the memory never returns (post-hypnotic amnesia). Bern- 
heim has observed many patients in which the post-hypnotic amnesia in- 
cludes not only the time of sleep, but also the process of hypnotization, 
and even some hours immediately preceding this. Post-hypnotie amnesia 
exists only in the waking consciousness, for when these patients are 
hypnotized again they can reproduce all the events of the forgotten 
period. 
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Reaction. — -Many patients react only to the hypnotizer, and will ac- 
cept suggestion only from him, hut some patients may obey others if the 
hypnotizer tells them to do so. In hypnotic sleep all the senses are not 
dormant, as in normal sleep, hut some of them remain open to the outer 
world and the attention is concentrated on these. Those patients who do 
not obey others during the hypnotic sloe]) nevertheless hear and under- 
stand all that is said to them, and they simply do not react to any one 
but the ( hypnotizer. 

Sensations. — All sensations are preserved in light hypnosis and de- 
pressed in deep sleep to some degree, up to complete 1 aaeslhosia. 

Cutaneous SensihiVdij. — Touch, ] uin and temperature sense art 4 usually 
diminished to some degree, and may he completely lost, an 1 then one is 
able to thrust a needle through the skin. Any one of the cutaneous sen- 
sations (touch, pain, or temperature) may be caused to disappear by sug- 
gestion, and by the same means they can be accentuated. As a general 
rule, any suggestive anesthesia is usually accompanied by paralysis of 
the anesthetic part. 

Sight . — Sight may be diminished even to complete blindness, both 
spontaneously or by suggestion, or the blindness may be but partial, either 
color blindness or blindness for a single person or object. In some cases 
the sight appears to he keener than normal, and this is probably due to 
autosuggestion. 

Hearing . — Here tlie conditions are practically the same as with sight, 
and similar changes can be effected. 

Smell . — Smell may be spontaneously lessened or lost, and the same 
changes may be brought about by suggestion. In other cases the sense of 
smell may become more acute, and the patient is able to distinguish be- 
tween persons and objects wholly by the sense of smell. 

The explanation of suggestive anesthesias lies in the mechanism of 
the perception of sensory impulses. The end organs and connecting paths 
are perfectly normal and functionating, but the impulses they carry never 
reach the narrowed Consciousness of the patient, but remain rather in 
the subconsciousness or unconsciousness. In normal states all sensory im- 
pulses do not always reach the consciousness. This is especially true when 
the attention is concentrated. In hypnosis the attention can readily he 
concentrated on other things, and thus leave little attention left over for 
the impulses in the anesthetic field. 

Hallucinations. — Hallucinations of many kinds may he aroused in 
hypnotized individuals by suggestion. The arm or leg feels intensely 
cold and numb following a suggestion to this effect. A ruler is mistaken 
for a pencil and used for such. Odorless liquids may take on exquisite 
or repulsive odors at the suggestion of the hypnotizer; or music may be 
made to come to the patient in complete silence. Frequently the sug- 
gested hallucination is not realized completely. Often a patient may be 
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made to accept a glass of water as a glass of beer, but at times they will 
state that the beer “tastes very flat.” 

Negative Hallucination . — By negative hallucinations is meant the 
inability of seeing visible objects in the visual field. This phenomenon 
is producible in hypnotized subjects by suggestion. If the patient is told 
that some present person or object is no longer there, he no longer sees 
it. There may be negative hallucinations in other sensory fields than that 
of sight. When some one is caused to drop out of the hypnotized pa- 
tient’s field of vision, the patient may see the chair and cushion upon 
which he is sitting, but not the person. This phenomenon belongs to- 
gether with the suggestive anesthesias of hypnosis and the anesthesias of 
hysteria. In normal life negative hallucinations are frequently observed, 
especially during periods of great concentration. Eor instance, when 
one is greatly absorbed in a book or piece of work, it is possible for an- 
other to come into the room and even speak to the worker and have him 
remain ignorant of the second person’s presence. 

General Sensation; Impulses. — In normal hypnosis there is no spon- 
taneous change in general feeling, but practically any change can be ef- 
fected by suggestion. Pain may be diminished or increased by sugges- 
tion. Fatigue is usually felt in all hypnosis, especially toward the end, 
and it may be intensified or lessened by suggestive influence. Hunger, 
thirst, sensations of fullness and of nausea are subject to the same sug- 
gestive changes. Anxiety may be produced or allayed. Any emotion and 
its affect may be produced or altered, such as sorrow, anger, fear, shame, 
etc. 

Motor Sphere. — Voluntary motion is subject to the same changes un- 
der hypnotic suggestion as we have noticed in the other spheres, namely, 
production, diminution, and increase. Suggestion here may be given in 
several ways: 1, verbal suggestion; 2, gesture; 3, making the movements 
beforehand for the patient to imitate. All that is necessary is for the pa- 
tient to grasp the physician’s meaning, it matters not by what means. 
Paralyses of different members can be suggested to the hypnotized sub- 
ject and perfectly realized. This paralysis is usually of the flaccid vari- 
ety. Catalepsy, a phenomenon in which the limbs of the patient tend to 
remain in any position in which they are put, is a frequent accompani- 
ment of hypnosis. It is purely a suggestive phenomenon, and it has for 
its basis a decrease or loss of the power of voluntary motion. Bernheim 
divided hypnotic catalepsy into three types: flaccid catalepsy, flexibilitas 
cerea, and tetanic catalepsy. In the first type a slight force suffices to 
change the position of the limb ; in the second a definite force is necessary 
to bend the catatonic limb. The resistance is easily appreciated by the 
observer, for it feels as though one were bending a limb made of wax; 
hence the name. In tetanic catalepsy the resistance is very marked, and 
requires great strength to be overcome. At one time it was thought that 
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one could judge the depth of hypnosis by the amount of catalepsy, but 
later this was proven to be inaccurate. 

Heart, Lungs, and Temperature. — Hypnotic suggestion has been proven 
to he able to lessen the rate of the pulse and of respiration, but no change 
in the character of the pulse can be produced. Jendrassik claimed that 
he has been able to cause the respiration to cease for three minutes by 
suggestion. Krafft-Ebing has reported a case in which it was possible to 
cause a fall of temperature by hypnotic suggestion. 

Vasomotor and Trophic Effects. — Local skin hyperemia with rise of 
temperature comes into the held of possibilities of hypnotic suggestion. 
Hemorrhages from the mucous membranes may be effected, especially 
epistaxis. Many authors have reported menstrual changes caused by hyp- 
notic suggestion, in which the length of flow has been shortened and its 
character altered. In susceptible individuals blisters have been produced 
on the skin by suggestion of burning. 

Secretion. — Perspiration, both local and general, can be stimulated 
by hypnotic suggestion, while suggestion of eating or smelling food will 
increase the flow of saliva, and that of smelling an onion increase the 
flow of tears. 

Stomach and Intestines. — Practically, there is no hypnotic effect that 
can he produced on the digestive system. However, strong suggestion of 
nausea may at times occasion vomiting, and, in cases of chronic constipa- 
tion, much can he done by hypnotic suggestion in establishing regular 
habits. 


Post-Hypnotic Suggestion 

Early in the study of the subject it was observed that hypnotic sug- 
gestion was not necessarily limited to the hypnotic state, but might per- 
sist for a varying length of time after' the patient had awakened. This 
post-hypnotic suggestion occurs in two different ways. The first is when 
the suggestion given during hypnosis persists after the patient is awakened 
— continued suggestion ; and the second (suggestion a l’eclieance) is when 
a suggestion given during hypnosis is realized first after a certain time 
has elapsed following the hypnosis. 

Most, but not all, suggestions given in hypnosis can be made post-hyp- 
notic. The simple suggestions, such as those of cutaneous sensation 
(warmth, cold, anesthesia, etc.), more easily persist post-hypnotic than do 
the complicated ones, such as illusions and hallucinations. Suggestions 
which are given just before awakening are always better realized than 
those earlier in the hypnosis. When one considers that the suggestion 
must be carried out by an individual possessed more or less of his judg- 
ment and reason, it is easy to see why it is that those suggestions which 
have a definite end and logical reason are better realized than fantastic, 
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senseless ones. In the same way a suggestion to he fully realized post- 
hypnotic must not he too much at variance with the nature or character 
of the patient, or else the conscious resistance will defeat it. Thus a 
reputable, high-minded person cannot be caused to indulge in the lascivi- 
ous or immoral. Post-hypnotic hallucinations, as a general rule, last but a 
few minutes, but they have persisted for hours or days. 

Possibly it is an error to call these phenomena post-hypnotic, for it is 
not improbable that they themselves are also hypnotic, in that the patient, 
while realizing them, is in at least an early stage of hypnosis. Many of 
these patients say that, on awakening, they feel confused and restless ; 
they feel that they must do something, and, after having done it, the un- 
rest disappears. 

Suggestion, after an elapsed period, may be realized after minutes, 
hours, days, or even weeks. After awakening there is complete am- 
nesia for the matter, and the patient takes up his daily life until the ap- 
pointed time arrives; then he carries out the suggestion often without 
knowing why he does it. The time may be appointed either directly, by 
naming the day and time, or indirectly, by naming the number of days 
and hours which are to elapse before the thing is done. Lowenfeld re- 
ports a case where, by means of post-hypnotic suggestion, the patients had 
been caused to break their usual routine at the appointed time. One 
patient was told to leave his office a quarter of an hour earlier than usual 
on a certain day, and go to his home in a roundabout way. Another to 
change the regular hour of his visit to the physician upon a certain day. 
Both these suggestions were carried out perfectly; but neither patient 
had any recollection of the suggestion, nor could they give an explanation 
for the break in their routine. The mechanism of this recall is probably 
the retention in the subconscious memory of the idea from the moment of 
suggestion till the appointed time, while, as far as the conscious memory 
is concerned, it has never existed. This assumes the possession by man 
of a true time sense, and it is now very probable that, in reality, we pos- 
sess such a sense. As to the frequency with which post-hypnotic sugges- 
tion is possible, but little work has been done. Eorel found that, out of 
nineteen healthy young women who had been in deep hypnotic sleep, no 
loss than thirteen carried out post-hypnotic suggestion. Lowenfeld states 
that less than half of his hypnotized patients present this phenomenon. 

The Utilization of Hypnotism in Medicine 

In its earliest days hypnotism was put to therapeutic use in very many 
different diseases, for, as has been the case with every new therapeutic 
means, men sought in it a cure for all those chronic diseases which defy 
the known means of treatment. 

The use of hypnotism as a method of anesthesia in major operations 
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was fortunately short-lived, cine to the greater efficacy anil ease of admin- 
istration of chloroform and ether. With the increase of observations of the 
therapeutic working of hypnotism, its field of utility was greatly nar- 
rowed, and, at the present time, its use is restricted to the diseases of the 
nervous system, and mostly to the functional ones. 

The therapeutic uses of hypnotism in the present day may he classified 
under three headings : 1, the employment of hypnotic sleep al ne ; 2, util- 
ization of the increased suggestibility accompanying hypnosis ; 3, utiliza- 
tion of the hypermnesia accompanying hypnotism. 

I. Hypnotic Sleep Alone. — Hypnotic sleep without suggestion has 
been used by many authors, among others Obersteiner, Binswanger, Wet- 
terstrand, and Vogt. The good results obtained arc usually the same as 
those following natural sleep. Wetterstrand has claimed excellent results 
from hypnotic sleep alone, in cases of severe hysteria with prominent men- 
tal signs, and also in cases of drug habit, morphinism, coeainism, and al- 
coholism, and he advised long periods of sleep for his patients, lasting 
in some cases for weeks, and in otliei'9 a month or more. Such a proce- 
dure naturally calls for the utmost care and watchfulness on the part of 
the attendants, and is hardly to he recommended. Vogt modified Wetter- 
strand’s sleep by- having his patients sleep for twenty hours a day, and 
then awaking them for food, drink, and other bodily necessities. It is 
self-evident that the field for this use of hypnosis must he very limited, 
and practically it includes only the excited states of the insane, and re- 
peated severe hysterical convulsive attacks. It is a fact, however, that 
prolonged sleep for two or three hours is frequently a great adjuvant to 
hypnotic suggestion. 

II. Hypnotic Suggestive Therapy. — Hypnotic suggestion is by far the 
most frequent way in which hypnotism is used in medicine at the present 
day. In most cases to which this mode of treatment is applicable there 
exists a complex of symptoms, some of which are susceptible to hypnotic 
suggestive influence, and others which are resistant. Many prominent 
symptoms are in themselves not removable by suggestion, hut, when one 
studies the condition carefully, it will often he found to arise directly 
from other symptoms easily removable. Never attempt to do too much 
at a time, hut take up the symptoms to be removed one by one, for the 
realization of suggested ideas always decreases in proportion to their num- 
ber. In approaching such a case weigh the symptom from the following 
two points of view: the degree to which it is susceptible to suggestion, and 
the urgency for its removal. In all instances begin with the simpler 
points and leave the more difficult ones until later. When possible apply 
suggestion to the cause of the individual symptoms rather than to the 
symptoms themselves; for instance, when one is endeavoring to combat 
sleeplessness, frequently the suggestion that the patient will go to sleep 
at a certain hour and sleep a certain lpngth of time is of absolutely no 
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tvail, for there exist causes for the sleeplessness upon which the sugges- 
ion has exerted no influence, and which are more potent forces in keep- 
ng the patient awake than any contraforce of suggestion. Such causes 
ire : heart palpitation, peculiar sensations, paresthesise, disturbing 
houglits, etc. When the cause has been uncovered, it is often found very 
?asy of removal by suggestion, and the resulting sleeplessness disappears. 

Indirect suggestion is often more efficacious than the direct would be 
This is especially noticeable in cases where pain, either local or general, 
s a symptom to be attacked. Frequently it is futile to tell the hypnotized 
jatient simply that this or that pain is gone, or will go at a certain time, 
or the autosuggestion which forms the basis of the pain most often is the 
itronger of the two. If, however, the patient is given to believe that the 
lypnotic sleep will quiet the nerves to such an extent that the pain will 
eave the rested nerves, a more favorable result may be expected. Or the 
iuggestion may be given in this fashion : “The results we get in cases like 
murs are very good, for pain such as you complain of does not last long ; 
four pain, therefore, will disappear by morning.” 

Naturally it is to be expected that symptoms of long standing are not 
o be overcome at once, and the suggestion to be successful must be height- 
;ned by other means than verbal communication. When there is pain 
)r paralysis of any member, subsidizing means greatly intensify the effect 
)f verbal suggestion. Such means are: rubbing the affected member, 
mths, electricity, applications of various sorts, and indifferent drugs. 
These may be given either during or after the hypnosis. Repetition of 
he procedure in successive hypnosis likewise strengthens the suggestion 
md increases its efficacy. 

It has been claimed that, since suggestion is the main feature of hypno- 
.herapy, suggestion in the waking state is as efficacious as hypnotic sug- 
gestion. The experience of observers does not in the least justify this 
jontention, for it is an established fact that many persons upon whom 
suggestion makes no impression while awake prove themselves to be very 
suggestible in the hypnotic sleep. 

III. Utilization of the Increased Memory in Hypnosis. — This charac- 
, eristic of hypnosis is of greater value from a diagnostic point of view 
han from one strictly therapeutic. There are two general ways in which 
his heightening of memory may be utilized by the physician ; the first is 
,o complete a history which has been too meager to orient the physician, 
For, in this condition of increased memory ability, events of the patient's 
ife which have been forgotten are readily brought to the surface. This 
s of importance in obtaining from patients repressed and buried com- 
plexes, which play so important a part in Ereud’s conception of hysteria, 
md which will he spoken of later. 

The second nse that one can make of the overactive memory of hvp- 
aotism is in revealing psychic moments in the patient’s life, which, for 
39 A 
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some reason, do not exist in tlie patient’s conscious memory. Thus one 
may obtain incidents which occurred during pathological amnesias, such 
as the hysterical and even the post-epileptic amnestic periods. Graeter, in 
working with an alcoholic epileptic patient who had recently gone through 
a period of delirium, found that, in hypnotism, the patient related with 
great clearness the details of the delirium and the delirious experiences. 


Bangers of Hypnosis 

Practically all authors agree that they have never seen any perma- 
nent untoward effects from hypnosis. Some cases, however, suffered 
from nervousness and headache after hypnosis, and there are others who 
show a tendency to autohypnosis and more or less permanent increased 
suggestibility. Unfortunately, it is not infrequent to observe a tendency 
toward autohypnotic sleep in hysterics. If possible, this must be foreseen 
and combated. If there exists in the patient a predisposition toward in- 
sanity, it is very probable that continued hypnotism may increase this 
predisposition. Precautions on the part of the physician may do a great 
deal toward lessening the possible bad after-effects. Do not, if possible, 
give suggestions which are unpleasant to the patient. Especially avoid 
producing hallucinations too frequently or allowing them to persist too 
long. Before awakening, all unnatural suggestion must he counteracted 
by eountersuggestion. Likewise, anything which is apt to have a bad 
permanent effect must he first removed by suggestion. 


Application of Hypnosis 

It is not within the scope of this article to outline the detailed treat- 
ment of various diseases by hypnotism, hut it may be permitted to men- 
tion here a few conditions in which hypnotism is advised. Eorel advises 
it in spontaneous somnambulism, pains of all kinds, but more especially 
headache, neuralgias, sciatica, toothache (not due to abscess, etc.), in- 
somnia, tlie functional paralyses, contractures, chlorosis, menstrual anom- 
alies, anorexia, functional stomach disorders, constipation, nervous diar- 
rhea, psychic impotence, nocturnal emissions, masturbation, alcoholism, 
morphinism, muscular and chronic articular rheumatism, neurasthenia, 
stuttering, blepharospasm, pavor nocturnus in children, sea sickness, 
vomiting in pregnancy, nocturnal enuresis (often difficult on account of 
normal sleep), chorea, nervous cough, hysterical attacks of all kinds, in- 
cluding hystero-epilepsy, anesthesia, etc. Other authors have claimed good 
results in dizziness, cephalalgia, depressions, chronic alcoholism, hypo- 
chondria, nervous asthma, writer’s cramp, and even tabes, epilepsy, and 
myelitis. 
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As has been said before, the functional disorders of the nervous sys- 
tem form the most fertile field for the application of hypnotherapy, and 
here we see it used in the psychoneuroses, psycopatliic manifestations, such 
as impulsive ideas and phobias, the anxiety neuroses, insomnia, tics, and 
3exual difficulties. 

It should he borne in mind that all these functional nervous condi- 
tions are not susceptible to hypnotic influences, not to speak of cure. The 
more severe a case the less easily it is influenced. Hence, do not let your 
patient look upon it as a last hope. The idea should be firmly embedded 
in the patient’s mind that it is a rational form of treatment and likely to 
make him well. This simple suggestion alone at times works wonders, 
for frequently the patient, for the first time in months, begins to look 
upon certain symptoms as unimportant. This alone may account for the 
good results said to have been shown in tabes and myelitis. 


B. REEDUCATION 

The signal success of suggestion therapy in many functional conditions 
and some of which at one time had been considered organic, stimulated 
ever-increasing interest in psychotherapeuties, and called into this field 
workers of many turns of mind. When, with the gradual accumulation 
of clinical experience, hypnotism was finally divorced from mysticism, 
earnest workers began to study the causes of the functional disorders of 
the nervous system from the standpoint of rational psychology. Thus 
arose reeducation therapy, which concerns itself with the eradication of 
the causes of neurotic symptoms through the patient’s reason, rather than 
simply eliminating the symptoms themselves through his credulity, as 
we do in suggestion. 


1. The Method op Dubois 

Professor Paul Dubois of Berne has presented us with a system of 
psychotherapy which, besides its therapeutic value, gives a clear insight 
into the causation of psychoneuroses. Dubois had worked with Bernheim 
in Nancy, and was familiar with hypnotic therapy, both in theory and 
in its practical application. He early felt that he was not really helping 
his patients by hypnotism, not getting at the basis of their troubles. His 
sincere nature revolted at the fraud he was practicing in his appeals to 
the simple credulity of his patients in the artificially induced hypnotic 
sleep, and he endeavored to look upon the functional neuroses from the 
patient’s point of view. 

In the patient himself Dubois found the causes of the psychoneuroses. 
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He considered that it was not the traumatisms, illnesses, emotions, and 
fatigues which determine his condition, hut rather his way of looking at 
these occurrences. The normal man, conscious of his own perfect health, 
resists these things with more or less voluntary indifference. The nerv- 
ous patient, on the other hand, reacts abnormally to such irritants by 
reason of his abnormal mentality. This abnormal mentality is in large 
part inherited, hut much also depends upon the individual’s education, 
Mental stigmata are numerous when one considers the various forms of 
nervousness and the association of ideas which give rise to phobias, and 
foster fatal autosuggestion. Each patient reacts mentally in his own way. 

Nervous patients of all kinds present a marked exaggeration of the 
faults of human nature. Especially are they susceptible to fatigue, sen- 
sitive and emotional to a high degree. From the standpoint of the an- 
atomical pathologist, these patients are not sick. The autosuggestion 
which is the catise of most, if not all, neurasllienic symptoms is not a thing 
apart from the healthy man. No one is free from suggestive influences. 
There is none of us who is of such high mentality that his judgment, and 
opinions are based only on reason, to the exclusion of suggestion and emo- 
tion. The judgment of every man is subject to eclipses. 

The neurasthenic, however, habitually looks at things from the wrong 
angle. His judgment and ideas, especially those concerning his own con- 
dition, arc generally hastily drawn, on insufficient grounds, from (“motion 
and suggestion, rather than from reason. “Suggestion,” says Bechterew, 
“enters the understanding by the back stairs, while logical persuasion 
knocks at the front door.” Misinterpretation of bodily sensations due to 
autosuggestion is the most prominent feature of the psychoncuroses. Rea- 
son, the sieve which keeps unhealthy suggestion from the consciousness, 
is thrown away in the face of possessing fear, and the abnormal mind 
utilizes only its emotion and suggestibility in its reaction. 

Dubois looks upon the neurasthenic and those suffering from other 
psychoneuroses as victims of autosuggestion. The false idea enters the 
mind, and there is elaborated more or less logically until, in time, the 
patient becomes whatever he believes himself to he; suffers whatever he 
thinks he will suffer. “Psychasthenia,” says Dubois, “is always congeni- 
tal by virtue of the heredity which outlines the characteristics of our 
brain.” 

Whoever has talked much with neurotic patients surely must feel that 
much of their trouble is due to the way they think, the way they interpret 
conditions. They all attempt to analyze their symptoms and to under- 
stand the nature of their, troubles, and the mentality they bring to this 
task is not equal to the work. Utterly ungrounded in the physiology and 
pathology of the human body, they form conclusions from insufficient evi- 
dence on false premises, and in this lack of judgment we find a source of 
most of the unhealthy autosuggestions. Early in their disease they ac- 
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quire a keen faculty for self-observation, and they elaborate complete 
disease pictures from personal symptoms which, in normal individuals, 
never get beyond the subconsciousness. The pulsations of the smaller 
arteries, the heart-beat, the flecks in the vitreous h um or, all force them- 
selves into the patient’s consciousness, and are interpreted as ominous 
signs which cause him anxiety and fear. Primarily they fear death, and 
interpret all uncommon bodily sensations as indicative of something 
fatal. 

Dubois sees two obligations facing the physician when treating a case 
of what is popularly called nervousness : One, to dispel as quickly as pos- 
sible the existing trouble; two, to prevent the recurrence of the disorder 
in the future. It is to the latter that he attached the most importance; 
his reeducation method consists in readjusting the patient’s point of view 
and explaining his symptoms to him on a rational basis. 

In his practice Dubois places much reliance on the Weir-Mitchell 
treatment of rest in bed, isolation, and overfeeding. At times he starts 
his patients on a preparatory milk diet, but never prolongs it longer than 
three days. This is especially useful in patients complaining of digestive 
symptoms. After this the patient should take three full meals a day, with 
milk three times a day between the meals. The isolation does not need to 
be absolute, and that depends altogether on the nature of the case. 

The true reeducational parts of the treatment are the psychothera- 
peutic talks which the physician holds daily with patients. Great patience 
and forbearance on the part of the physician is essential; never hurry 
the patient, but rather let him take his time; encourage him to talk freely 
of his symptoms, and let him express everything in his own terms. In 
this way the physician can acquire an accurate insight into the patient’s 
ideas, his fears, and, more important, his point of view. The study of 
the mental peculiarities of the patient should be made at the beginning, 
for the object of the treatment is to correct his mentality and right his 
judgment. Lead him on to describe minutely what his fears are and how 
be interprets the symptoms of which he complains. Have him reestablish 
for you the associations with which he connected his symptoms, and have 
him identify as far as possible the source of the terms with which he 
describes them. 

The neurasthenic is wont to express himself in terms of the utmost 
vagueness, and, not possessing sufficient accurate medical knowledge upon 
which to base the interpretation of his symptoms, he gladly accepts sug- 
gestions from any source, unmindful of its value. Eolk lore, supersti- 
tions, casual remarks of friends, who are no more versed on the subject 
than he is, newspaper stories, gleanings from patent medicine advertise- 
ments, and, worst of all, medical books and the chance observations of 
physicians — all are of great weight in the defective judgment of the 
neurotic, and give him a foothold from which to jump to his hasty con- 
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elusion, and this conclusion, tempered by liis fears, always justifies his 
apprehension. 

The physician then must find out what the patient fears and why, 
and, with as much accuracy of detail as the patient has exhibited, explain 
to him his symptoms on a rational ground, talk to him of physiology and 
pathology, and show him wherein his error lies. Make him use his rea- 
son in interpreting his symptoms. Offer him a logical basis on which to 
build his reason. It is very essential for these patients to understand 
that no one is absolutely well ; that, minor symptoms are present in every 
normal man and woman, a heritage, as it were, of our years and ex- 
periences. The symptoms themselves do the neurasthenic no harm, but 
he suffers from his interpretation of them. He does not fear his symp- 
toms, but rather what lie believes they will lead to. This is the unhealthy 
autosuggestion of which Dubois speaks. 

As mentioned above, a signal feature of the neurasthenic attitude is 
the faculty for generalizing, for arriving at broad general conclusions 
from isolated instances. This tendency must be combated. It frequently 
forms the greatest obstacle in the way of reeducation. Such a tendency 
is constitutional with the neurasthenic and psychasthenic, as an integral 
part of his nature. It is mainly because of it that he is neurasthenic. 
Nevertheless, it must be overcome if one is to hope for a cure. After the 
patient’s confidence has been gained, force him to bo accurate in his state- 
ments. Do not be satisfied with generalizations, but insist upon detailed 
statements. Never accept his explanations of his conditions unless he 
can prove them to you logically. When you have demonstrated the faults 
in his reasoning, always make it a point to point out to him the truth, 
and start his reasoning power on the right track. 

This is the Irue reeducation, for it is educating the patient to think 
properly. Encourage him to work out his problems on a rational ground, 
and he is on the road to recovery. With tho idea firmly fixed in the pa- 
tient’s mind that his symptoms do not represent as serious a condition as 
he had feared, the psycliotherapeutist’s work is practically done. “The 
nervous patient,” says Dubois, “is on the path to recovery as soon as he 
has the conviction that he is going to be cured. ITe is cured on the day 
when he believes himself to he cured.” 

In an article such as this one cannot go into the detailed treatment 
of the nervous symptoms. Only general principles may he outlined. It 
may be remembered, in closing, that all the complaints of the neuras- 
thenic, not due to organic causes, are amenable to this form of therapy, 
and the details of the method will easily suggest themselves upon the prin- 
ciples laid down. 
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2. Psychoanalyses oe Freud 

The psychoanalytic movement represents not only the latest and most 
significant contribution to psychotherapy, but it is primarily a valuable 
contribution to experimental psychology and to the pathology of the psy- 
choneuroses. In the early eighties Sigmund Freud and Joseph Breuer, 
two Viennese physicians, began to study in detail the symptoms of a 
twenty-one-year-old hysterical girl, and, on the knowledge they gained 
of her mental processes and their relation to her symptoms, a basis was 
established upon which Freud later elaborated a system which is at once 
a school of psychology, a contribution to pathology, and a method of treat- 
ment. 

It has ever been a difficult task to present fairly a subject which is 
still a subject of strife and no little ill feeling among scientists, and such 
is the position of psychoanalysis at present. For the past fifteen years 
it has been and still is hotly assailed by many -of the leaders in psycho* 
logical work, especially by the Germans, among whom it was born. It 
is just as stubbornly defended by an ever-increasing number of workers 
whose ability and sincerity demand at least respectful consideration. The 
discussion of such a subject belongs elsewhere rather than in an article 
on psychotherapy, and the author will confine himself to the merest out- 
line of the psychoanalytic idea, and only in so far as it has a bearing on 
psychotherapy. It would be meaningless to describe psychoanalytical 
technique without a reference to its foundation, and hence the following 
incomplete outline of psychological mechanisms forms a necessary intro- 
duction. 

Psychological Mechanisms. — Freud sums up his conception of hys- 
teria in the words: “The hysteric suffers from reminiscence,” but the 
reminiscence does not exist in the conscious life of the patient. To be 
more concrete, let us consider how individuals deal with strong emotional 
experiences which affect them unpleasantly. A young girl, for instance, 
experiences a sexual trauma which depresses her and causes her much 
mental anguish. She must needs -react to it in some way or other, and 
this each one does according to her temperament, social position, and 
education. The reaction to he healthy and sufficient usually involves 
more or less emotional play, for it is thus that most people learn. Women 
have always been wont to settle their difficulties by indulging in what they 
call “a good cry” ; thus their emotion runs its course ; they have reacted 
to their trouble, and always “feel better” afterward. Another form of 
reaction is to tell their trouble to parents or other people of experience, 
and seek advice. The confessional has always been a valuable aid for 
reaction. There are some people who are able to calmly reason out the 
solution to a great difficulty. In every case the reaction serves one great 
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purpose: it firmly establishes the incident in the individual’s conscious- 
ness, places it in its proper place in the memory, where, properly asso- 
ciated with all its contributing and surrounding circumstances, it forms 
a portion of the individual’s experience, the basis upon which he must 
form his judgments and direct his conduct. 

If an individual does not react, as above, to difficulties such as we 
are discussing, he tries to forget it, to drive it completely from his mind. 
Herein we have the most common of defense reactions. This forgetting 
of the strong emotional incidents is not by any means the passive process 
of allowing it to slip from the mind, to be covered over by time, but it is 
an active process requiring dynamic mental mechanisms. 

Repression. — The first of these mechanisms Erend has termed “Re- 
pression.” Whenever the incident should be recalled to tlie active con- 
sciousness, the individual actively represses it and drives it from the 
field of the things of which he is actively aware. We must consider our 
consciousness as consisting of two parts. It is with definite hesitancy 
that one attempts to divide consciousness, for no true divisions exist. 
The consciousness is more or less a unit, but, nevertheless, the interest is 
always directed on a certain part of it. In the wide range of modern life 
interests, we cannot possibly concentrate on everything at once. The in- 
terests, the associations, the judgments we center about our work are not 
the same as those of our play. They intermingle surely. One must de- 
pend, in large measure, on the other. In this way the consciousness is 
a unit. There are many phases also to our recreation activity ; the thea- 
ter, music, reading, sports, and our hobbies, each have their own individ- 
uality and occupy special interests. Our home life, our social life, our 
church and intellectual life, and our business life, each has its own in- 
dividual associations. Hence we are always centering on only a portion 
of our consciousness in our activity. We arc always in our waking mo- 
ments keenly aware of a portion of our consciousness, while any part of 
the rest of it stands ready to he called to our immediate notice by associa- 
tion or necessity at any moment So the two divisions of consciousness 
spoken of above are that part which onr attention is directed upon at any 
given moment, which has been called “tlie sphere of conscious aware- 
ness,” that of which we are actively aware at the time, and the whole 
remaining consciousness, any part, of which can be brought into the 
sphere of awareness at any moment. 

The mechanism of repression first works to keep the incident in ques- 
tion out of the field of awareness, and, of course, this is effected by block- 
ing associations. As the repression becomes stronger and more associations 
are blocked and destroyed, the incident recedes further and further away 
from the field of awareness, and finally, with associations broken, it sinks 
from the conscious life. It does not disappear completely, however, from 
the memory, but exists in the unconscious memory as a more or less 
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isolated unassociated incident. As such it may be a source of trouble. 
However, it does not stay there inactive, but ever tends, by means of 
association, to return to the consciousness. To counteract this the individ- 
ual forms resistances against it, builds around it, as it were, a resisting 
wall through which the individual hopes the memory of the incident can- 
not penetrate to reach the consciousness. Such resistance is the second 
step in the defense mechanism of forgetting, and is a real, active, observ- 
able process, although it may be entirely unconscious in the individual. 
In the case of a recent trauma, the resistances are more or less conscious 
and the individual realizes their existence, but later they themselves sink 
from the consciousness and are manifested only as character traits and 
in the point of view of the individual. 

Complexes. — When the incident has been completely submerged, it 
forms a “complex” which is the kernel of the Freud idea. The complex 
may consist of an incident, frequently a sexual trauma, or desires, and 
these are also of a sexual nature. The most persistent and frequently 
expressed criticism of Freud 5 s theories is that directed toward its accentu- 
ation of the sexual as an etiological factor in neuroses. It must be borne 
in mind that the sexuality with which psychoanalysis concerns itself so 
largely is not restricted in its meaning to the gross sexual contact and 
its preliminaries. Its meaning is much broader than this, for it includes 
all that the word “love” can mean, and more, and takes in practically 
all the relations of the sexes with each other. From this standpoint it is 
not difficult to see why it plays so important a part in the life of every- 
one. If we are going to think of hysteria and the psychoneuroses as aris- 
ing from psychological causes, why should not the sexual — the most pow- 
erful feature of our emotional life — be the most prominent ? And again, 
in the life history of man, what has contributed more to the pleasures 
and also to the sorrows of the majority than the sexual, and what, accord- 
ing to our modern standards of civilization and religion, is more actively 
repressed and driven from the mind than sexual longings and incidents, 
especially those of grosser fiber? 

Unconscious complexes and ideas are symbolized in the waking life 
of the patient usually in the form of symptoms. We cannot concern 
ourselves here with this phase of the question, for it belongs to psycho- 
pathology rather than to psychotherapy. Besides this, unconscious ideas 
and wishes manifest themselves most often in the average individual in 
dreams. Had Freud done nothing more than to have studied out dream 
mechanisms, his work would have been momentous. Han has always 
observed his dreams, wondered over them, and tried to find in them a 
meaning. Early philosophy held dreams to be of supernatural and pro- 
phetic nature — an idea which to-day is firmly set in the ignorant and 
superstitious mind. Even in this day of alleged enlightenment there is 
a constant demand for dream books from which the superstitious may 
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extract a wished-for meaning from their dreams. "Dreams have their 
meaning, but, in searching for it, one must look into the past rather than 
the future. 

Dream Mechanism. — Let us first consider day dreams, those satis- 
fying reveries in which our innermost thoughts rim riot. Wo all indulge 
in them to some extent, and not only do they afford us great pleasure, hut 
they play no little part in shaping our ideas and directing our ambitions. 
In our day dreams we see ourselves in scenes of our own making. They 
are fantasies, little plays of which we always take flic leading part. We 
picture ourselves as doing something, saying something, which is applauded 
by the persons whose approval we value. We are great soldiers, heroes, 
artists, musicians, players, authors, statesmen, or scientists, each accord- 
ing to his own bent. How often does the sexual creep into even the most 
exalted of our day dreams 3 In short, a day dream is a fantasy in which 
the dreamer pictures himself as carrying out- some wish which is dear 
to his heart. lie gratifies in his day dream an unfulfilled wish. It is 
in this wish fulfillment that the day dream is a source of pleasure. Preud 
conceived of the true dream — the night dream — as having a similar un- 
derlying cause, and the fundamental difference between the two lies in 
the fact that, whereas the day dream represents the fulfillment of a con- 
scious wish, in the dream of sleep the wish is always unconscious. As 
the wish is unconscious and repressed, it must assume a disguise in order 
to get to the surface; hence, it appears in a form so changed that its true 
purport is not recognized. Preud sees two contents to every dream — the 
‘"manifest content,” the form in which the dream is remembered by the 
dreamer, and the “latent content,” the unconscious wish which is fulfilled. 
In the dreams of children the manifest and latent content are very close- 
ly related in the simple working out of the dream, while in the adult the 
manifest appearance of the dream is usually fantastic and its relationship 
to latent content, is brought out only by analysis. 

Preud has divided the mechanisms by which this transformation from 
the fundamental thought to its manifest appearance takes place into 
four stages, which together he calls “dream work.” 

1. Condensation . — Single elements of the manifest content seldom 
represent single elements of the latent content, hut a number of them. 
Thus, figures, scenes, and incidents in dreams usually contain in them 
characteristics which are widely separated in the dreamer's memory, 
hut which, nevertheless, have association connections. One sees scenes 
in one’s dreams with settings which are wholly foreign both to the scene 
and to each other. Individuals who must in real life be perfect strangers 
to each other and to the dream environment move naturally in the setting 
without occasioning surprise on the part of the dreamer. Again, in our 
dreams, persons frequently act and speak in a manner quite foreign to 
their natures without our noticing the incongruity. This is duo to the 
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condensation which crowds into the dream scenes from anywhere, and 
even fuses personalities in the labor of disguising the latent wish. Un- 
recognized persons in dreams are usually mixed persons having the ap- 
pearance and characteristics of two or more individuals known to the 
dreamer. 

2. Displacement . — This serves to further disguise the latent content 
and is manifested in the amount of attention paid to different elements 
in the dream. The most prominent feature in the dream as remembered 
usually represents an insignificant part of the latent content, while the ac- 
tive portions of the latent content are expressed as unessential elements 
in the manifest content. Likewise, the most prominent emotional effect 
usually accompanies the representative of the least important of dream 
thoughts, and vice versa. 

3. Dramatization . — The manifest content is so arranged and system- 
atized that each element of the latent content is represented in the mani- 
festation. The wish is fulfilled in the dream happenings. This requires 
a certain sequence and purpose of the dream ideas which are grouped 
together in the form of a little play, comedy or drama, each part of which 
represents some element in the latent content. Most dreams show a ten- 
dency to portray incidents in the visual form, a characteristic which Ereud 
has termed regression. 

4. Secondary Elaboration . — The dream is never remembered by the 
conscious individual in the same form as it occurs, for in the process of 
apprehension by the consciousness it undergoes a process of secondary 
elaboration which changes its purport. This occurs both in the short 
period occupied by awakening and on thinking over the dream after- 
ward. Most of the consecutiveness and rationality of dream action is 
the product of the secondary elaboration of the consciousness and the 
amount of change in form depends on the time that has elapsed between 
the occurrence of the dream and the telling of it. Secondary elaboration 
of dreams is a necessary part of the defensive repression of the conscious- 
ness, and it serves to keep whatever is unconscious and which has run 
riot in the dream from in this way entering the consciousness. The cen- 
sor of consciousness allows the unconscious wish to enter the conscious- 
ness only when it is so changed by these mechanisms that its true purport 
is not recognizable. This censor acts still more effectually when it pre- 
vents dreams from being remembered at all. Everybody dreams, and 
those persons who deny that they ever dream are very often those in 
whose dreams the unconscious wish is so evident that the censor does not 
allow it to get by the consciousness, but actively represses it as a de- 
fensive measure. 

The latent content of dreams then represents the unconscious unful- 
filled wish. The manifest content may be derived from many different 
sources. The most frequent of these are the events of the day before and 
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the books read, or plays seen, before going to sleep. Any other part of 
the individual’s experience may be called upon to supply a part of the 
picture by means of association. Pictures of our imagination arc util- 
ized, and even material from other dreams. Undoubtedly, also, somatic 
sensations may contribute to the dream picture. Il is a matter of common 
observation how an overloaded stomach, a full bladder, cold, licat, and 
pain may color a dream picture. 

Technique of Psychoanalysis — Prom the therapeutist’s point of view 
the aim of psychoanalytic procedure is to ascertain the nature of the 
unconscious complex, draw it out from the unconscious, force the patient 
to recognize it in its full meaning, and to reestablish it in its proper place 
in liis conscions memory. If one accepts Freud’s theory that unconscious 
complexes form the basis for hysterical phenomena, it must naturally 
follow that, when the complex is brought from the unconscious and is 
firmly fixed in the consciousness, the symptoms it lias occasioned must 
disappear. This is very frequently the case. Freud culls this “the cathar- 
tic method,” for lie compares it to intestinal catharsis, in that by it he 
removes from the patient unhealthy mental stuff which has been the cause 
of ill health. Likewise, the complex has been likened to an abscess — 
a mass of unhealthy matter surrounded by the resisting wall of leukocytes 
which causes definite local and general symptoms. The psychoanalytic 
procedure, therefore, becomes the surgeon’s knife, which brings the puru- 
lent material to the light of day, removes it from the patient, makes the 
wall of resisting leukocytes no longer necessary, and effects a cure. 

In the technique of reaching tlie unconscious there are four main 
methods: 1, the history; 2, free associations; 3, word-time association; 
4, dream analysis. 

1. The History . — The history should be taken very fully with the 
most minute attention to detail. FTot a point should be missed. Let the 
patient take his time and detail all the minor points in liis own words. 
In this way an accurate insight may be gained into tlie development of 
the disorder, the various fluctuations in its course, and tlieir possible 
causes. Also frequently llie stress, or lack of it, placed on certain portions 
of tlie story points clearly to the existence of possible resistances. At times 
a judiciously placed question will reveal a whole group of conscious and 
unconscious resistances, and even defensive mechanisms. 

Again, the hours which the patient and physician must spend to- 
gether in getting out the history serve to acquaint them with each other 
and to establish the physician firmly in the patient’s confidence. It is 
hopeless to attempt any psychoanalytic work without the entire confidence 
of your patient, and the deeper this confidence is the surer you are of suc- 
cess. The ideal state is for the patient to transfer most of his interest to 
the physician personally, and to take such personal interest in the physi- 
cian’s work that he tries in every way to help (transference of libido). 
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Why such great confidence is necessary becomes self-evident when one 
reflects on the frequency with which sexual longings and exju ri dices pi n 
a prominent part in the formation of unconsciouo complexes. Again, tin 
complex represents something which the patient has been so loath to 
recognize, even to himself, that he has repressed it in an attempt to drive 
it from his being. Hence, there must exist great personal liking for the 
physician before the patient can state the facts, even after he recognizes 
them himself. Naturally, also, this ’excess of confidence and liking is 
more essential when dealing with female patients than with men, and 
herein lies a grave danger against which the physician must continually 
be on his guard. 

2. Free Associations . — This is the method which Ereud most relies 
upon in his psychoanalyses. 1 The patient is placed in a comfortable posi- 
tion, where extreme relaxation is possible, either lying down on a couch 
or sitting in an easy chair, and the examiner sits either opposite him or 
at his head. Frequently it is well to have a monotonous sound in the 
room, as this tends to dull the patient's sensorium, and leaves him more 
free to follow up his associations. Some authors advise the use of a 
humming induction coil for this purpose, but at times this disturbs 
the patient and so defeats its purpose. The author lias found that 
at times a rather noisy electric fan has been a great help in this direc- 
tion. 

Explain to the patient that you are going to give him a word to think 
of, and that he is to tell you everything that comes into his head while 
he is thinking of it — everything, no matter whether it appears ridiculous 
or inconsequential to the patient. Carefully follow all that the patient 
says, for he is sure to let slip out now and then ‘some thought which has 
a definite bearing on his complexes. When a hopeful vein of thought has 
been struck, follow it up closely, and lead the patient on to elaborate. 
Prod him on with such questions as “What next V 9 “What are you think- 
ing of now V 9 In this way forgotten periods of the patient's life of great 
moment are brought to light, often to the great surprise of the patient 
himself. In a case of complete amnesia following a severe accident, in 
which the amnestic period extended from a few days before the accident 
to the present time, the author was able, by means of free associations, to 
obtain from the patient all the details of the accident and the incidents 
which led to it with absolute accuracy, as well as many other forgotten 
elements. The words to be used as stimulus words in the test are ob- 
tained from the history, and also by means of the following two methods. 

3. Word-time Association . — This method was elaborated by Jung and 
applied by him to psychoanalytic technique. The principle is not new, 
and has for years been used in experimental psychological work, and has 
been applied to many types of nervous diseases. J ung, however, was the 
first to utilize it as an indicator of emotional repression. 
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C94: 


WORD-TIME ASSO- 

Name 

Time Reaction Reproduction 

1 Head: ~~ ' 

2 Green. 

3 Water: 

4 To prick: 

5 Angel: 

6 Long: 

7 "ship: ~ 

8 To plough: 

~9 Wool: 

10 Friendly: 

_____ ___ 

12 To carry: 

13 Insolent: 


14 To dance: 




15 Lake: 








19 Sick: 




17 Proud: 





l 



18 To boil: 

| 



19 Ink: 




20 Angry: 

1 _ 




! 




21 Needle: 

22 To swim: 


23 Journey: 

24 Blue: 

25 Bread: 

26 To threaten: 

27 Rich: 


28 Lamp: 

29 Tree: 
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CIATION BLANK 

Date 



Time 

Reaction 

Reproduction 

31 Sympathy: 




32 Yellow: 








33 Mountain: 


1 

34 To play: 




35 Sail- 








36 New. 




37 Custom* 








38 To ride: 




39 Wall- 




40 Stupid: 








41 Volume: 




42 To despise: 








43 Teeth: 




44 Correct: 




45 Crowd: 








46 Book: 




47 Unjust: 








48 Frog: 




49 To cut: 




50 Hunger: 








51 White: 




52 Ring: 








53 To listen: 




54 Pencil: 




55 Woods: 








50 Apple: 




57 To meet: 








58 Law: 




59 Love: 




60 Glass: 
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A chart is arranged in four columns in the following order : 

Stimulus word. Reaction time. Reaction Reproduction (see figure) 

The patient is placed in a comfortable chair and the nature of the 
test explained to him. lie is told that you will give him a word and that 
he is to say aloud the first thing that enters his head when he thinks of 
the word. The time elajising between the giving of the word and the re- 
action to it by the patient is called “reaction time,” and is taken with a 
stop-watch. Other and more accurate methods have been advised, but for 
practical purposes the si op-watch is amply accurate. When these points 
have been determined, they are put down in the proper columns, and the 
next stimulus word taken up in the same way. After 23 or 50 words have 
been recorded, go over the list again in the same order, and record the 
reaction to each word in the reproduction column. This time it is not 
necessary to record the time. 

The basis of the method is this: Everyone has a normal reaction 
time which is not necessarily always the same, but ‘is always normal for 
the individual for the lime being. Ordinarily it varies from one to five 
seconds. When there is no underlying trouble the reaction is given in 
the normal time. However, when the patient is one of limited intelligence 
and education, the reaction time may he lengthened, because the patient 
either does not know the meaning of the word or else has no association 
connected with it. When a word is given which calls to mind something 
connected with the submerged complex, the phenomenon is different. Here, 
either because of conscious or unconscious resistances, the patient is un- 
willing to tell what his association is. Hence he must repress it, drive it 
from his mind, and then search through his memory to find another asso- 
ciation for the word. All this takes time and the stop-watch records it. 
Often in such cases the reaction time is prolonged 20 or more seconds 
beyond the normal. This word then becomes a “significant word,” and 
one to he used in the free association method. When the resistance and 
repression are very great, often the patient will declare that he is unable 
to think of anything with which to associate the stimulus word. In this 
event the word is of great significance, and it should be very closely fol- 
lowed up. Again, it quite frequently happens that, when the emotional 
repression and resistance occasioned by the word are very great, it tends 
to persist and disturbs the patient’s attention to such an extent that the 
next two or three reactions are longer than normal. This does not neces- 
sarily mean that these last words have anything to do with the complex, 
but the long reaction time must be referred back to the truly significant 
word. 

In the reproduction procedure the patient ordinarily gives the same 
or a very similar word as he did in the reaction. However, in the case 
of significant words, with their long reaction time, it is very common 
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for the reproduction to be entirely different from 1 lie reaction, and 
this is another evidence of the emotional repression. This is due to 
the same searching around in the memory to find a word which does 
not bear on the complex, but is associated with the stimulus word. 
In cases where the reaction time of words following a significant word 
is lengthened it is usual to have the reproduction the same as the reac- 
tion. 

Ereud and many others do not use the word-time association in psy- 
choanalytic technique, as they claim it is unnecessary, and often mislead- 
ing. This is undoubtedly true in the ease of those adept in the technique, 
but, nevertheless, this method frequently proves itself of great value, es- 
pecially for beginners. 

4. Dream Analysis . — Dreams form a great wide path which leads us 
to the unconscious, being based, as they are, on unconscious wishes. Each 
dream, properly interpreted, becomes a key to the submerged wish. The 
patient must write out the dream as fully as possible, and as soon after 
it has occurred as practicable. If he will get up and write out his dream 
as soon as he awakens, so much the better, for we have seen in how far 
the secondary elaboration of consciousness changes the dream picture. In 
any event, insist upon the patient writing out the dream in the morning 
after it has occurred. After reading the dream carefully, ask the pa- 
tient to explain what meaning the different parts of the dream have to 
him. This is best done by means of the free association method. Un- 
conscious wishes, as we have seen, appear in dreams in symbolic form. 
One must determine what symbols the patient uses to express his thoughts. 
Many symbols have the same meaning in the dreams of many people, just 
as certain expressions are common in the speech of the majority, but 
fundamentally this symbolism is an individual matter. Symbols come 
from our reading, from folk lore, and, very frequently, from common 
quotations and slang. When the patient has explained what occurs to him 
when he thinks of the different expressions and incidents of his dream, 
the meaning of it usually becomes clear. 

The following simple dream will illustrate the points mentioned 
above. The author does not offer this as an analysis, but simply as an 
example of the symbolization of the real wish meaning. A man about 
to leave town to visit friends in the country dreamed as follows : “I was 
working on construction work, as I had done in my earlier days, and 
seemed to have a gang of men working under me. One of them, younger 
than the rest, apparently, a hoy about 14 years of age, got tired, and asked 
me for a hook to read. I handed him a book, and he sat down by the 
roadside and started to read, while I returned to work. Then I suddenly 
realized that in the book I had given him was a diary (which really had 
been destroyed years ago) which contained a complete story of my life, 
which I did not want anybody to know. I returned to the boy and asked 
40 a 
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him to return me the book. He refused. I struggled with him and took 
it away.” 

Analysis of this dream revealed the following: Free associations 
from the boy to whom lie had given something brought out a woman, 
the wife of ’the man lie was to visit, who, at a previous time, had come 
to the patient with her troubles, which were principally of a sexual na- 
ture. He had given her advice on the matter (the book in the dream), 
and, in so doing, he had told her much of his own life and sexual difficul- 
ties (the diary). Afterward he had regretted this, as she was an intimate 
friend of the village gossip. He feared the confidence would be spread 
at large. The dream tlien meant, “I liave given this woman who asked 
me for aid (book) the story of my life (diary), and wisli I had not done 
so. I would like to take this knowledge from her.” The patient admitted 
the truth of this, and stated that he would feel much easier if he could 
take away from the woman the knowledge of his private life which he 
had given her. 

A word in closing concerning the use of hypnotism in psychoanalysis. 
In the section on hypnotism we have spoken of the use of hvperamnesia 
accompanying hypnosis for determining buried complexes. Freud util- 
ized this means in bis early work, but soon discarded it as unnecessary 
and inaccurate. It surely is unnecessary, and is to be avoided. While it is 
a fact that forgotten and submerged incidents may be elicited by means 
of hypnosis, one can never be sure of the result. Tlie ease with which 
the memory may be falsified in this hypersuggestible state casts a shadow 
of doubt over all the information thus obtained. It not infrequently hap- 
pens that tlie physician at first acquires a false idea of tlie case which only 
further study will clear. Under hypnosis this false idea may be suggested 
and the patient indulge in the recitation of pscudo-remini sconces which 
throw the examiner completely off the track. This falsification of mem- 
ory never occurs when the free association method is used. Recently, in 
a case of hysteria, the aulhor saw a patient retail pseudo-reminiscences at 
the suggestion of tlie physician to such an extent that he was thrown 
completely from the track of the complex. 

THE CHOICE OP A METHOD 

After the perusal of this all loo superficial review of the various 
psychotherapeutic methods, the question of which to adopt must naturally 
occur to the reader. This question the author approaches with great re- 
luctance, as, in his opinion, it cannot be answered definitely in tlie light 
of our present knowledge. Hypnotism has its adherents and their num- 
ber is large. They see nothing in Dubois* work but the suggestion, and 
believe that his method is far inferior to hypnosis. Freud they refute as 
impossible. The Dubois school, while not as large in numbers as that 
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of the other, nevertheless has enthusiastic support. They look upon hyp- 
notism as in the nature of fraud, and see in psychoanalysis useless delv- 
ing in the sexual life of the patient, which is productive of as much harm 
as of good. The ever-growing number of psychoanalysts consider that 
hypnotism merely removes the upper stratum of trouble, leaving the causes 
untouched, while Dubois only talks certain symptoms out of his patients, 
and likewise does not deal with causes. They see in psychoanalysis the 
only true reeducation which deals with a much neglected part of our being. 

How, then, is it possible, in view of these varying opinions, and with 
our present perspective, to give an accurate critique of the methods \ Time 
alone and results can decide the relative merits of the procedures. How- 
ever, it appears possible at present to lay down a few general pr in ciples. 

Hypnotism is easy, rapid, and will produce results in many cases, but 
in all probability the results are not lasting. Certain cases are peculiarly 
susceptible to hypnotic therapy. This is especially true of the ignorant 
and unthinking. Reeducation requires a mentality capable of more or 
less intelligent cooperation, and some of our patients do not show this 
capability, and so are most adaptable to the suggestion of hypnotism. 

It is pretty generally believed that Dubois* reeducation method is suit- 
able to a very limited class of patients and to a still move limited class of 
physicians. Even more than in hypnotism, the personality of the physi- 
cian plays a most important part in the cure. The amount of time re- 
quired forms a drawback for some, but no psychotherapeutic procedure 
can he accomplished without the expenditure of much time. While it is 
probably true that Dubois does not strike at real causes, yet experience 
proves that many cases are improved, and cured, by following his methods. 

Psychoanalysis undoubtedly comes nearer to original causes than either 
of the above methods. However, it is applicable to a rather limited class 
of patients. The patient must he of sufficient education to understand 
his mechanisms when they are explained to him, and also to cooperate in 
the tests. Psychoanalysis is the most time-consuming of all, for months 
and even years may elapse before an analysis is complete. This is a new 
subject, but it appears that the psychoanalytic cures are the most lasting 
of all. In picked cases there can he hut little doubt that this is the 
method of choice. It is significant to remark, in passing, that many of 
onr most enthusiastic psychoanalysts are those who have previously been 
adept at hypnotism, and later have adopted psychoanalysis as more val- 
uable. 

The method to use, then, depends upon the user as well as the patient. 
The only advice that can he given is to study your patients carefully and 
endeavor to adapt your psychotherapy to their needs. Reeducation — bet- 
ter psychoanalysis — is to he preferred to hypnotism when possible, but, 
in any event, fit your method to your patient, for it must he admitted 
that the ultimate result depends more on the patient than on the method. 
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0. SECONDARY AGENTS 

I. Occupation and Exercises 

For many years it lias "been recognized that, patients suffering from 
functional nervous disorders may find health in work, but the systematic 
application of occupation as a therapeutic measure is not many years old. 
Idleness, or, better, lack of an attachment, for interest, is ever prominent 
in the functional neuroses, and it runs hand in hand with morbid intro- 
spection. Occupation and exercises serve a purpose in drawing the pa- 
tient from himself and giving him something to which to attach his inter- 
est. The indifferent neurotic, the melancholic, and the anxious neuras- 
thenic must find something besides himself to think about, and there can 
he no more natural source of interest than work. 

The kind of occupation chosen must depend only on the patient. In 
its function of stimulating interest, it must have a very personal appeal 
to the patient, and on this point hangs the success or failure of your occu- 
pation therapy. It would he impossible, within the Bcopo of Ibis article, 
to give the details of all occupation methods, for they are as varied as is 
humanity. What, may appeal to one patient and lead him to health may 
strike in another no sympathetic note. Books have been written on the 
methods — basket weaving, brass hammering, cabinet work, etc., have been 
extolled on high; but, although of great use in many cases, they do not 
succeed in all. Two main principles must be adhered to if occupation 
therapy is to succeed. Whatever is given to the patient to do must be 
within his capabilities and have a definite object or purpose. As stim- 
ulation of interest and ambition is the goal at which to aim, there must 
be a definite reason and end attached to the occupation. If this reason 
and end can be something attached to the patient’s home or business, just 
so much surer is the chance of success. 

It makes very little difference to the depressed patient whether there 
.is one fancy woven basket more or less in the world, or one stereotyped 
hammered brass ornament. 

If, however, the patient is able to make something which could be 
used by himself or another, the matter immediately takes on ail altogether 
different face. Especially is this the case when the patient is one of edu- 
cation. The author has seen a woman suffering from a severe depression 
who exhibited no interest in anything until the stockings of her two chil- 
dren were procured from her home and given her to darn. Here was 
an occupation which meant much to her, and reached the deepest spot of 
her nature. She learned to look forward 1o the weekly consignment of 
stockings. By this means her interests were gradually led back to her 
home, and she to health. 
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A young girl suffering from a hysterical palsy of the right arm and 
a deep depression was induced to crochet a hath mat for her mother. 
The work was carefully hidden when any of her relatives called to see her. 
Finally it was sent to the family, much to their surprise and the patient’s 
pride. This stimulated her ambition to show them how much she could 
do, and her recovery dated from that time. 

A young engineer with an anxiety neurosis resisted all attempts to 
arouse his interest until it was suggested to him that he make a toy auto- 
mobile for his four-year-old son. The amount of time and mechanical 
ability he applied to this task and the joy of the child on receiving the 
toy led him out of himself into normal interests and health. A young 
business man in a depressed state found the path to health only when he 
spent many days in the woods, following trout streams with his pole and 
line. 

These examples may show how important it is to emphasize the ne- 
cessity of personal appeal in occupation therapy. It is never enough to 
force a patient to do this, that, or the other thing, but his interest must 
be established on the old lines of his habits. With exercises and games 
the same principles hold true. It is the personal appeal that counts, and 
the aim must be to awaken interest and ambition. 
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CHAPTER XIII 
NUTRITION AND DIETETICS 
Warren Coleman 

Some knowledge of the laws of nutrition, as well as of dietetics, is 
requisite for the rational construction of dietaries, whether they be in- 
tended for persons in health or for those ill from disease. 

Nutrition concerns the digestion and absorption of foods, the destinies 
and transformations of the foodstuffs after absorption, and the energy 
liberated within the body by tlieir oxidation. 

Dietetics, on the other hand, relates to the selection of foods that will 
supply a diet adequate and efficient for a given purpose with regard to 
the likes, dislikes, and idiosyncrasies of persons, and the methods of pre- 
paring and serving the food. 

A knowledge of the fuel values of foods is likewise essential to rational 
feeding. The body derives energy from food in much the same manner 
that an engine does from coal. The universal law of the conservation of 
energy holds for the body as well as for the engine; that is, the body de- 
velops through oxidation a definite amount of energy from a known 
quantity of food. Since the total energy which the body requires for the 
performance of its functions is accurately known, the fuel values of all 
diets should be carefully adjusted to the patient’s needs. 

No attempt will be made to discuss here the dietetic treatment of the 
different diseases. Eor such details the reader is referred to the appro- 
priate chapters. The purpose of this chapter is to furnish simply the 
information with the aid of which diets may be arranged for any disease. 


FOODS 

Voit (47) defines a food as a palatable mixture of foodstuffs which is 
capable of maintaining the body in an equilibrium of substance, or capable 
of bringing it to a desired condition of substance. The ideal food is a 
palatable mixture of foodstuffs arranged together in such proportion as to 
burden the organism with a minimum amount of labor (4:7). 
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Foodstuffs 


Practically all of our foods, as ordinarily served, are mixtures of 
foodstuffs. A foodstuff is a material capaldc of being added to the body’s 
substance, or one •which when absorbed into the blood-stream will prevent 
or reduce the wasting of a necessary constituent of the organism (Lusk 
27). 

Foodstuffs are classified as follows: 

Proteins, 

Carbohydrates, 

Fats, 

Inorganic substances, 

Water. 

Proteins Proteins are contained in both animal and vegetable tissues. 

They comprise myosin, egg-albumin, casein, gluten, gelatin, etc. 

Fats. — Fats likewise are of both animal and vegetable origin. They 
consist for the most part of neutral fats or the glycerin esters of the 
higher fatty acids. In addition to fats, foods contain various complex fat- 
like substances which are probably of much importance in nutrition. 
Lecithin is a well-known representative of these substance's. 

Carbohydrates. — Carbohydrates are divided into monastic char ids, such 
as dextrose and lcvulose; disac char ids, such as cane-sugar, lactose, and 
maltose; and polysaccharids, such as starch, dextrin, cellulose, and gly- 
cogen. 

Inorganic Substances. — Inorganic substances are represented by salts 
of sodium, potassium, calcium, and magnesium; clilorin, sulphur, phos- 
phorus, iron, and iodin. 


Uses of Food 

The chief uses of food are : (1 ) To form the material of the body and 

repair its wastes; (2) to furnish energy for muscular and other work 
which the body lias to do and to yield heat to keep the body warm (At- 
water, 1). In forming the tissues and fluids of the body the food serves 
as building material. In yielding energy and beat it serves ns fuel. 

Uses of Proteins. — The protein of the food fulfils both of the above 
functions. It is the only foodstuff, however, which is capable of supply- 
ing the body with material for the building and repair of its tissue. 
Death follows deprivation of protein. Animal and vegetable proteins ap- 
pear to be equally serviceable as building material. 

As a source of energy, protein in the amounts recommended by Voit 
and by Atwater represents from 16-20 per cent of the total metabolism. 
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It furnishes a much higher proportion of the total energy in carnivorous 
animals, but even they receive fat and small amounts of glycogen in their 
food. 

The protein molecule contains a carbonaceous group which is split off 
and oxidized, like carbohydrate, to carbon dioxid and water, or, as in 
diabetes mellitus, is excreted in the urine as sugar. 

When an excess of protein over the daily needs is consumed, its 
nitrogen is split off and rapidly excreted, chiefly in the form of urea. 
Nitrogenous substances are retained in the body, however, during the 
period of growth and during convalescence from wasting diseases. 

Gelatin. — Gelatin, though a protein, cannot supply material for the 
building and repair of the body, but Murlin (32) has shown that it may 
constitute two-thirds of the daily protein ration, provided carbohydrate is 
liberally supplied, without detriment to health. Gelatin is a better sparer 
of the body protein than either carbohydrate or fat, but this fact finds 
only limited application in dietetics because of the difficulty of giving 
sufficient gelatin for the purpose. Gelatin ranks with other proteins in 
value as an energy-producer. 

Extractives . — When meat is boiled in water, it loses, in addition to 
salts, various nitrogenous compounds, to which the flavor of the meat is 
due. These compounds are called extractives. Though they contain nitro- 
gen, extractives cannot serve the body as building material, and they 
yield little, if any, energy. Extractives subserve, however, two important 
functions: they give flavor to meat and thus arouse the appetite, and they 
remove muscular fatigue and on this account are called stimulants. 

Uses of Carbohydrates. — Carbohydrates are the chief source of the 
body’s energy, whether expressed in the form of muscular work or in 
the form of heat. The carbohydrate of the food is transformed into gly- 
cogen and stored, principally in the liver and muscles, until needed. An 
excess of carbohydrate over the daily needs leads to more complete filling 
of the glycogen depots, or it is transformed into and stored as fat. The 
body has not, however, an unlimited tolerance for carbohydrate. If too 
much be taken, sugar appears in the urine, producing alimentary gly- 
cosuria. This is especially true for sugars. It has been stated that no 
amount of starch in the food can cause glycosuria, except in diabetics or 
those predisposed to the disease, because of its slow rate of absorption. 

Another function which carbohydrate serves is to spare protein. When 
neither carbohydrate nor fat is available, as in the late stages of starva- 
tion, practically all of the energy is derived from protein. If protein 
and carbohydrate alone or protein and fat alone be given to an animal, 
less protein is destroyed with a liberal supply of carbohydrate than a 
liberal supply of fat. Rubner (36) succeeded in reducing the nitrogen 
output of a starving man one-half by giving carbohydrate. Carbohydrate 
is therefore called a sparer of protein, and it is evident that carbohydrate 
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is a better sparer of protein than fat. But if both carbohydrate and fat 
be given, in addition to protein, they appear to he dynamically equivalent 
calory for calory. Landergren (23) found that a diet furnishing one- 
half of its calories as fat and one-half as carbohydrate protects protein as 
completely as a diet composed entirely of carbohydrate. 

While carbohydrate cannot replace the protein required for the growth 
and repair of the cells of the body, it is probably necessary for the forma- 
tion of the perfect protein molecule. 

Uses of Fat. — Fat constitutes an important source of energy, and, like 
carbohydrate, is a sparer of protein. The fat of the food, when not 
needed immediately for oxidation, is deposited in the tissues of the body. 
The principal fat depots are the subcutaneous tissues, the liver, tlie perito- 
neum, and the tissues about the kidneys. These depots constitute a reserve 
supply of fat, to be called upon in time of need. The duration of life 
under the condition of starvation generally depends upon the quantity of 
fat present in the organism at tlic start (Lusk). The sources of the body 
fat are the fat of the food, which may be deposited without change, and 
carbohydrate, which is readily transformed into fat. It has not yet been 
determined whether fat can he formed, in the human body, from protein. 
It is likewise uncertain whether glycogen can bo formed from fat. 

Uses of Water. — Approximately two-thirds of tlio body consists of 
water. Water forms an integral part of practically all the tissues, and 
serves as a means of transporting nutrients to, and waste products from, 
the cells. Since water is constantly given off from the body through the 
kidneys, skin, lungs, and in the feces, it is evident that, to maintain the 
composition of the tissues, these losses must he made good. Animals die 
sooner of thirst than of hunger. Deprivation of water causes not only a 
change in tlie composition of the. tissues, but appears to lead to tlie devel- 
opment of toxic albuminous products. 

Tlic average daily water requirement is about two liters, of which 
one-fourth is taken in the form of solid food. The demand for water 
in health varies directly with the losses, which in turn vary with the 
amount of exercise, the external temperature, and the character of the 
diet. A diet consisting largely of protein increases tlie desire for water. 
The variations in the demand for water which are occasioned by disease 
are seen in fevers, diabetes mellitus, and chronic interstitial nephritis. 

Deprivation of water increases the destruction of protein in the major- 
ity of instances, though to a less extent in fat than in spare persons. Pav- 
lov (33) has called attention to the diminution of the gastric and pan- 
creatic secretions which follows a deficient intake of water. Limiting the 
amount of water doc-s not increase the destruction of fat, as was formerly 
believed. This fact has special significance in the treatment of obesity. 

Uses of Salts. — Organic life is dependent upon the presence of salts. 
Salts enter into the composition of living matter, and therefore are true 
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foods. They maintain the osmotic pressure of the tissues and fluids in 
which they are dissolved, and regulate the passage of water to and from 
the tissues. Deprivation of salts causes “salt hunger.” A diet which is 
salt-poor, though rich in other foodstuffs, causes death. Vegetable diets 
increase the demand for sodium chlorid. Salts pass through the body 
for the most part without change. They are incapable of yielding energy, 
yet they have an important, though little-understood influence upon metab- 
olism. 


Auxiliary Articles of Diet 

These comprise condiments, spices, and beverages. 

Condiments and Spices. — While not foods in the sense that they 
are capable of yielding energy to the body, condiments and spices serve 
a nsefnl purpose in man’s diet. They exert an important influence upon 
the appetite and the processes of digestion. While condiments and spices 
are probably not necessary for the proper digestion of food in the case of 
persons leading active out-of-door lives, habit or the stress and excesses 
of life render them more or less essential to the average person. Foods 
which are not well seasoned are insipid and pall upon the taste, and conse-. 
quently are less readily digested. 

On the other hand, the excessive use of condiments may lead to dis- 
orders of digestion through overstimulation of the appetite and the conse- 
quent overeating, and to irritation of the stomach and intestine. 

Beverages. — The use of beverages, like the use of condiments and 
spices, is almost universal among men. Ordinarily a meal not accompa- 
nied by one or more beverages is considered incomplete. The commoner 
beverages are coflee, tea, alcoholic drinks, cocoa, and chocolate. Coflee and 
tea are stimulants only, unless sugar and milk or cream are added. Under 
some conditions alcohol constitutes a food ; some alcoholic beverages, such 
as beer, possess considerable food value, because of the presence of other 
constituents than alcohol. [There are two other views in regard to alcohol 
as a food; both still accepted by good authorities. The one that alcohol 
is a food per s& 3 the other that it acts as a food because it prevents other 
foods from becoming oxidized, i. e., it acts as a food-sparer. — Editor.] 
Cocoa when prepared with starch sugar and flavoring agents, usually 
vanilla, is called chocolate. 

The Total Food Requirement 

The body derives the energy required for the performance of its func- 
tions from the food, the potential energy of the food being transformed 
into heat and work. Without some knowledge of the food requirements in 
health, it will he found difficult to arrange rational dietaries for patients 
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suffering from disease. In health the appetite constitutes the chief guide 
to our needs and is in the main reliable. That it is not always so, is evi- 
denced hy the occurrence of various disorders from over- or under-in- 
dulgence in food. 

Two methods have been employed to determine the daily food require- 
ment of man, the empiric and Ihe experimental. The empiric method 
consists in studying the food-habits of a large number of people in various 
occupations and taking the average quantities of food, and foodstuffs, con- 
sumed by each class. Tlie experimental method consists essentially in 
measuring, in terms of beat, tlu; amount of energy produced by the body 
under different conditions, as wlicn at work, at rest, and on different diets. 
Many important facts have 'been obtained from studies of metabolism car- 
ried out upon the lower animals. 

Our present knowledge concerning metabolism in man lias been de- 
rived from both the empiric and experimental methods. The results of 
these studies have furnished us with what are known as standard require- 
ments. It should be pointed out, however, that, these standards are not- 
absolute; they arc simply guides, which may, and should, be varied accord- 
ing to tlie requirements of different individuals. 

The total food requirement is generally expressed in calories or heat 
units. The term calory, unless qualified, may mean either the amount of 
heat necessary to raise 1 gram of water from 0° to 1° C., or 1,000 grams of 
water from 0° to 1° 0. They are designated respectively as small anti 
large calories. Usually tlie distinction is made by using an iniiial capital 
for the- large calory, thus “Calory” means large calory. The term 
“calory,” as ordinarily employed in medical literature, should be inter- 
preted as large calory. 

The body follows the general law of the conservation of energy, that 
is, the energy yielded hv the food which is actually absorbed and oxidized, 
and which is manifested as heat or heat and mechanical work, corresponds 
with the potential energy of tlie different foodstuffs consumed. There- 
fore, it is possible to calculate the fuel value to the body of the different 
foodstuffs. Rubner’s (35) figures are generally employed for tlie purpose. 


1 gram of protein furnishes 4.1 calories. 

1 gram of fat furnishes 0.3 “ 

1 gram of carbohydrate furnishes 4.1 “ 

1 gram of alcohol furnishes 7.0 “ 


The total energy requirement of an adult at absolute rest (that is, 
without voluntary movement of any kind) and without food is 22-26 calo- 
ries per kilogram per day, or 1,540 to 1,820 calories for a man weighing 
70 kilograms (154 lbs.). Patients confined to bed are never at absolute 
rest, however, within the meaning of the term, except during sleep or 
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when comatose, and the energy value of their food, except under special 
conditions and for brief periods, should not he permitted to fall "below 
this minimum. 

A number of circumstances may modify the demand for energy. 
Among the more important of these are the age, size of the individual, 
amount of muscular work, and disturbances of metabolism brought about 
by various diseases. 

Age. — Metabolism is less active in old age, consequently less food is re- 
quired. In childhood, on the other hand, the demand for energy per kilo- 
gram is greater than that of adults. The increased demand of the child 
for food is due, according to Buhner, to the relatively larger surface area 
of the child as compared with the adult — small bodies having proportion- 
ately a greater extent of surface than large bodies. If the demand is cal- 
culated by unit of surface area in square meters, the requirements of the 
child and adult are essentially the same. Other researches indicate that 
children require more energy than adults, not only because of the dispro- 
portion of surface area to weight, but because of an actual increase in the 
intensity of metabolism in childhood. A surplus over the actual demand 
of the child should always be given to allow for growth. 

Atwater (1) gives the following factors for calculating dietaries for 
children ; 

Boy 15-16 years old requires 0.9 the food of a man at moderately 
active muscular work. 

Boy 13-14: and girl 15-16 years old require 0.8 the food of a man at 
moderately active muscular work. 

Boy 12 and girl 13-14: years old require 0.7 of the food of a man at 
moderately active muscular work. 

Boy 10-11 and girl 10-12 years old require 0.6 the food of a man at 
moderately active muscular work. 

Child 6-9 years old requires 0.5 food of a man at moderately active 
muscular work. 

Child under two years old requires 0.3 the food of a man at moderately 
active muscular work. ' 

Heubner (20) states that the energy requirement of a child in the 
first three months of life is 100 Calories per kilogram of body weight per 
day; in the second three months, 90 Calories; thereafter, 80 Calories and 
less per kilogram. The energy supply should not he allowed to fall below 
70 Calories per kilogram. 

Size. — In general, persons of large frame and build require more food 
than those who are small. The increase, however, corresponds to unit of 
surface area rather than to weight. For this reason, persons who are fat 
require relatively less food than those who are thin, though a fat person 
expends more energy in the performance of muscular work, because of the 
greater effort required to move his body. 
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Muscular Work. — Thu purforiminvu of muscular work is accompanied 
by an increase in metabolism ami a greater supply of food is demanded. 
Tlic increase is chiefly at {lit* expense of fat and carbohydrate, though 
when they arc not available protein may be consumed. Many investiga- 
tions have shown the relation of muscular work to metabolism. The 
results can be best illustrated by tlie following table, arranged by At- 
water (1) : 

Food Consumption op Persons in Different Circumstances, and Proposed Dietary 

Standards a 

(Quantities per man per day.) 



Actually eaten 


Digestible 



Pro- 

tein 

Fat 

Carbo- 

hy- 

drate!* 

Pro- 

tein 

Fat 

Carbo- 

hy- 

drates 

Fuel 

Value 

PERSONS WITH ACTIVE WORK 

Gnut. 

Gmu 

Gum. 

Gun ft. 

Gnus. 

Gms. 

Calories 

Rowing clubs in Now England 

155 

177 

440 

143 

108 

427 

3,955 

■Bicyclist h in Now York 

186 

ISO 

051 

171 

177 

631 

5,005 

Football foams in Connecticut, and 
California 

22b 

354 

034 

208 

330 

615 

6,590 

Prussian machinists 

130 

113 

077 

128 

107 

657 

4,270 

Swedish mechanics 

180 

110 

714 

174 

I 

104 

093 

4,590 

PERSONS WITH ORDINARY WORK 
Farmers’ families in eastern United 
States 

97 

130 

407 

89 

124 

453 

3,415 

Mechanics’ families in United Stales. . 

103 

150 

■402 

95 

143 

390 

3,355 

Laborers’ families in large cities of 

United States 

Laborers’ families in United States 
(more comfortable circumstances) . . 

101 

110 

344 

93 

110 

334 

2,810 

120 

147 

534 

110 

140 

518 

3,925 

Russian peasants 

120 

33 

5S9 

119 

31 

571 

3,165 

Swedish mechanics 

134 

79 

523 

123 

i 

75 

507 

3,330 

PROFESSIONAL MEN 

Lawyers, teachers, etc., in United 
States 

104 

125 

423 

i 

96 

119 

410 

3,220 

College clubs in United States 

107 

148 

459 

9S 

141 

445 

3,580 

German physicians 

131 

95 

327 

121 

90 

317 

2,680 

Japanese professor 

123 

21 

416 

113 

19 

403 

2,345 

MEN WITH LITTLE OR NO EXERCISE 
Men (American) in respiration calo- 
rimeter 

112 

80 

305 

103 

76 

296 

2,380 

Mon (German) in respiration appa- 
ratus 

127 

SO 

302 

117 

70 

293 

2,430 

PERSONS IN DESTITUTE CIRCUMSTANCES 

Poor families in New York City 

93 

95 

407 

86 

90 

395 

2,845 

Laborers’ families in Pittsburg, Pa 

80 

95 

308 

74 

90 

299 

2,400 

German laborer’s family 

52 

32 

2S7 

48 

30 

278 

1,640 

Italian mechanics 

70 

38 

396 

70 

36 

384 

2,225 


oFats and carbohydrates in sufficient amounts to furnish, together with the protein, the indicated amount 
of energy. 
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Food Consumption of Persons in Different Circumstances, and Proposed Dietary 
Standards — Continued 



Actually eaten 


Digestible 



Pro- 

tein 

Fat 

Carbo- 

hy- 

drates 

Pro- 

tein 

Fat 

Carbo- 

hy- 

drates 

Fuel 

Value 

MISCELLANEOUS 

Gms. 

Gms. 

Gms . 

Gms. 

Gms. 

Gms. 

Calories 

Negro families in Alabama and Vir- 
ginia 

86 

145 

440 

79 

138 

427 

3,395 

Italian families in Chicago 

103 

111 

391 

95 

105 

379 

2,965 

French Canadians in Chicago 

118 

158 

345 

109 

150 

335 

3,260 

Bohemian families in Chicago. . . 

, 115 

101 

360 

106 

96 

349 

2,800 

Inhabitants Java village, Columbian 
Exposition, 1893 

66 

19 

254 

61 

18 

246 

1,450 

Russian Jews in Chicago 

137 

103 

418 

126 

98 

405 

3,135 

Mexican families in New Mexico 

94 

71 

613 

86 

67 

595 

3,460 

Chinese dentist in California 

115 

113 

289 

106 

107 

280 

2,620 

Chinese laundry man in California 

135 

76 

566 

124 

72 

549 

3,480 

Chinese farm laborer in California . . . 

144 

95 

640 

132 

90 

621 

3,980 

United States Army ration, peace . . . 

120 

161 

454 

110 

153 

440 

3,730 

2,725 

German army ration, peace 

114 

39 

480 

105 

37 

466 

DIETARY STANDARDS 

Man at hard work (Voit) 

145 

100 

450 

133 

95 

437 

3,270 

Man at moderate work (Voit) 

118 

56 

500 

109 

53 

485 

2,965 

Man with very hard muscular work 
(Atwater) 

175 

(a) 

(a) 

161 

(a) 

(a) 

5,500 

Man with hard muscular work (At- 
water) 

150 

(a) 

(a) 

138 

(a) 

(a) 

4,150 

Man with moderately active muscular 
work (Atwater) 

125 

(a) 

(a) 

115 

(a) 

(a) 

3,400 

Man with light to moderate muscular 
work (Atwater) 

112 

(a) 

(a) 

103 

(a) 

(a) 

3,050 

Man at "sedentary” or woman with 
moderately active work (Atwater). 

100 

(a) 

(a) 

92 

(a) 

(a) 

2,700 

Woman at light to moderate muscular 
work, or man without muscular 
exercise (Atwater) . 

90 

(a) 

(a) 

83 

(a) 

(a) 

2,450 


The energy requirement of adults, reduced to calories per kilogram of 
body weight, may be summarized in the following table (Yon ISToorden, 
46). In general, a man at nearly complete rest requires on the average 
one calory per kilogram per hour. 


CALORIES PER KILOGRAM 


Absolute rest 24-30 

Ordinary rest in bed 30-34 

Out of bed without work 34-40 

Moderate work 40-45 

Hard work 45-60 
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Tn 13 Protein, Eat, ani> Carbohydrate Ratios 

The relative proportions of protein, fat, and carbohydrate which 
should enter into the diet must bo considered, as well as the total food 
requirement. 

Protein Requirement. — The daily protein requirement is an important 
question in nutrition, and has heen the subject of much discussion. The 
optimum protein ration has not yet been determine d. It, probably varies 
with different individuals and under different conditions, such as external 
temperature, amount of work done, etc. 

It has been assumed that a healthy man under normal conditions would 
consume daily tlie amount of protein which lie has found by experience 
to be suited to liis needs. The almost universal support which has been 
accorded to Voit’s recommendation, until recently, is essentially a recog- 
nition of this assumption. After studying the food-luihits of a largo num- 
ber of people, Voit placed the daily protein requirement of a man at light 
work at 118 grams. Atwater, employing the samo method, found the re- 
quirement to he 125 grams a day. Rut within the last fifteen years or so 
tlie correctness of the Yoit and Atwater standards lias heen called into 
question, largely on the basis of experimental as contrasted with statistical 
studies. Probably the most important of these investigations 1ms heen car- 
ried out by Chittenden (10). 1 lie believes “that the Yoit and Atwater 
standards call for amounts of protein food far beyond tlie requirements of 
tlie body * * * provided tlie total calorific value of the food is suffi- 
cient” * * * “that the need for protein food may, he fully met by a 

daily metabolism equal to an exchange of 0.12 grams of it per kilogram of 
body weight.” Eor a man of Y0 kilograms (15 4- lbs.), this represents 60 
grams of protein a day, which is about one-lialf the Yoit and less than half 
the Atwater standards. Chittenden’s investigations wore carried out on 
professional men, students, and soldiers. The ease of Prof. Chittenden 
himself, suffering as he had for years from rheumatism, “bilious attacks,” 
and sick headaches, falls rather into the category of disease with possible 
disorders of digestion or metabolism, so that an excess of protein over his 
minimal needs acted inj uriously. 

More recently Chittenden (11) has employed the statistical method 
on 10 S healthy persons selected at random, and he states that as a group 
they represented the average type of vigorous manhood common to most 
university centers. They metabolized on an average 0.10 gram of nitro- 
gen per kilogram of body weight, as contrasted with the 0.22 gram of the 
Yoit standard. There is, therefore, close correspondence between Chit- 
tenden’s experimental and statistical results. The statistical observations 

1 It will be assumed in the discussion of the daily protein requirement that fat 
and carbohydrate are supplied in sufficient amounts. 
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especially raise the question whether there may not he many persons whose 
daily protein requirement is entirely satisfied by appreciably less protein 
food than is called for by the Voit and Atwater standards. 

Chittenden’s views have met with vigorous opposition. It has been 
pointed out that the most progressive races of mankind consume protein 
in quantities approximating the Voit and Atwater standards. Benedict 
cites the poor whites and negroes of the South as examples of the deleteri- 
ous effect of the low protein diet. ISTieeforo calls attention to the sociologi- 
cal status of the laborers of southern Italy, and thinks it due to the small 
amount of protein in their diet. McCay (30) has shown that the Ben- 
galis, who are inferior in physical development to the Anglo-Indians and 
Eurasians, metabolize only about 37 grams of protein a day, or 0.11 gram 
nitrogen per kilogram of body weight. But it cannot yet be assumed that 
the relation of cause and effect in these cases has been established. 

Experiments upon the lower animals indicate that the injurious effects 
of a low protein diet may not manifest themselves for a year or more, 
and while it does not necessarily follow that similar injurious effects may 
be caused in man, yet the experiments suggest the need for caution in 
accepting Chittenden’s conclusions. According to Lusk, there appears to 
be no strongly substantiated argument why that portion of mankind living 
in a cool climate should not follow the general custom of taking a medium 
amount of protein in moderate accordance with the dictates of their appe- 
tites. 

Only a limited number of investigations into the protein requirement 
in disease have been made, and an attempt to state the requirement for 
different diseases would not be justified. Therefore, until the daily pro- 
tein requirement both in health and disease is more definitely determined, 
the wisest course for physicians and others, who have control of dietaries, 
appears to he to follow the older standards, or at least to permit persons 
t,o gratify their desire for protein food. 

Variations in the Protein Requirement . — The demand for protein 
varies within much narrower limits than the demands for fat and carbo- 
hydrate. An excess of protein is needed during the period of growth, and, 
according to Lusk, during “training,” to provide for the accompanying 
hypertrophy of the muscles. 

The demand appears to vary also with different persons of the 
same sociological status. It is a matter of common observation that some 
persons eat more meat than others, and claim that their efficiency is im- 
paired if their usual supply is diminished. Old people, as a rule, take 
less protein than those in active middle life. 

Though protein is not concerned directly in the production of energy 
for muscular work, provided the fat-carbohydrate supply is sufficient, a 
greater amount of protein is allowed by both the Voit and Atwater stand- 
ards for occupations entailing physical exertion. _N o entirely satisfactory 
41 A 
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explanation of the increased demand lias been offered. Voit assumed that 
muscles engaged in active work must have a free supply of protein quickly 
available. hi agnus-Levy (28) thinks that the increased consumption of 
protein is not the result of purposeful selection, but is incidental to the 
increase in the total food. 

The inclination to diminish the amount of protein in hot weather and 
hot climates is general and finds its explanation in the high specific dy- 
namic action of protein, i. e ., the high proportion of potential energy 
which is liberated as free beat and which does not take part in the vital 
activities of the cells. 

Our knowledge of the protein requirement in pathological states is 
very incomplete. Large amounts of protein are often taken in diabetes 
mellitus and exophthalmic goiter. The belief is current that an excess of 
protein is required during convalescence from the acute infective diseases 
because of the febrile destruction of protein which occurs, but there is 
reason to question whether an excess is required, if, during the course 
of these disease's, adequate supplies of carbohydrate and fat are furnished. 

Injurious Effects of an Excess of Protein. — The body does not possess, 
to any marked degree, the power of storing nitrogenous substances. The 
carbonaceous moiety of the protein molecule is split off and the excess of 
nitrogen is quickly eliminated, chieHy as urea. It has been stated that 
tlie increased work thus demanded of tlu* kidneys would damage them, but 
proof of tlie statement is lacking. An excess of protein in the diet fre- 
quently causes disturbances of digestion, which may or may not be 
referred subjectively to the alimentary tract. It appears probable that 
products of protein putrefaction may bo absorbed and irritate the kidneys 
in their elimination, producing albuminuria, and perhaps ultimately caus- 
ing nephritis. Some headaches appear to he caused by disorders of pro- 
tein digestion or metabolism or both — at least, persistent headaches which 
are not due to any other discoverable cause sometimes disappear when 
the protein ration is reduced to a minimum and the form of 
the protein is changed, e. <)., from meat to milk. Prof. Chittenden 
found that liis rheumatism grew better under the influence of a low pro- 
tein diet. Some forms of eczema disappear when moat is eliminated from 
the diet, and the total protein of the food is reduced (.Johnston). It lias 
not yet been proved whether an excess of protein is capable of causing 
arterial sclerosis. 

The Carbohydrate-Fat Requirement. — The greater portion of the 
energy of the body is derived from carbohydrate and fat. Since they are 
to a large extent interchangeable in tlie diet, they may be considered to- 
gether. "While it is possible for men to live, and to thrive, upon a diet 
of protein and fat alone, as in the case of the Eskimos, or of protein and 
carbohydrate alone, physiologic economy makes it expedient that the 
diet should contain both fat and carbohydrate. In a mixed diet, carho- 
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hydrate and fat possess about equal power as protein sparers. As already 
stated, Landcrgren has shown that a diet furnishing half of its calories 
as fat and half as carbohydrate has the same power as a protein sparer 
as a diet of carbohydrate alone. As a source of energy, therefore, in a 
mixed diet carbohydrate and fat are interchangeable in isodynamic 
amounts. 

The relative proportions of fat and carbohydrate in the average diet 
are given in the Voit and Rubner 1 standards. But the proportions vary 
according to personal taste and the ability of the individual to digest fat. 
Large amounts of fat in a mixed diet are difficult to digest, due, as Pav- 
lov has shown, to the inhibiting influence which fat exerts upon the gastric 
secretion. 

The conditions which affect the carbohydrate-fat demand in health are 
essentially the same as those which modify the total requirement of energy, 
and have already been considered under the “Total Food Requirement.” 
It may be added, however, that the amount of fat consumed is generally 
less in hot climates and in hot weather. The reason popularly assigned is 
that fat is “heating.” Rubner has shown that a greater amount of free 
heat is liberated during the metabolism of fat than during the metabolism 
of carbohydrates. Physicians generally advise patients who are taking 
fat medicinally, e. g., codliver oil, to discontinue it in hot weather. Ne- 
groes form an exception to the rule that peoples living in warm climates 
eat little fat. They enjoy and consume fat in relatively large quanti- 
ties. 

Too little is known concerning the fat requirement in various diseases 
to justify specific recommendations. The fat in the food is increased 
when it is desired to have a patient put on flesh. Fat appears to possess, 
along with carbohydrates, the power of diminishing the febrile destruc- 
tion of protein. 

The Injurious Effects of an Excess of Fat . 2 — The tolerance for fat, 
both as regards quantity and kind, varies in health. Many persons 
cannot take much fat, or certain fats, without experiencing a feeling of 
disgust which may amount to nausea. In addition, fat is capable of pro- 
ducing certain well-defined local disturbances of the alimentary tract, 
which may be confined to the stomach or to the intestines. The com- 
moner disorders are loss of appetite, nausea after taking food, and vomit- 
ing. These effects are probably due to the inhibitory action of fat upon 
the gastric secretion, or to the delay which it causes in the passage of the 
chyme into the duodenum. Regurgitation of the duodenal contents into 
the stomach sometimes occurs, and is usually followed by vomiting. An 
excess of fat often causes diarrhea. 

1 See Table on p. 613. 

z The phrase * ‘ excess of fat ’ 1 must be understood to relate to the tolerance of 
the individual rather than to the total amount of fat consumed. 
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Besides these local actions, an excess of fat is believed by many authoi- 
ities to cause disorders of metabolism. Persons otherwise in perfect 
health sometimes develop acne when flic food contains much fat, but 
whether this results from a disturbance of metabolism, or of digestion, is 
not known. 

It lias been asserted that an excess of fat is of itself capable of eaus~ 
mg acidosis, lmt such a general assertion must he accepted with reserve. 
Deprivation of carbohydrate is followed by acidosis in disease as well as 
in health because of the increased demand for energy which falls upon 
fat, and its consequent incomplete combustion. Acidosis of this character 
lias been observed to disappear spontaneously, and always disappears in 
healthy persons, upon the* addition of carbohydrate to the diet. The in- 
fluence of starvation upon the development of acidosis lias sometimes been 
overlooked, and llie condition has been attributed erroneously to the fat 
of the food or to the effect of the disease itself. For example, doubt has 
been cast upon the causative relation of fat to the “cyclic” vomiting of 
children. Uugnus-Lovy (210 1ms pointed out that the. cause of acidosis 
in diabetes mellitus is not the fat of the food, but the preexisting disorder 
of metabolism. Fat in amounts up to 250 grams a day does not, cause 
acidosis in typhoid fever. 

Ozerny and Nteinitz (UD believe that the majority of eases of acidosis 
In children are due to an excess of fat. In experiments made upon chil- 
dren hv Ozerny and Keller (12), fat was the only foodstuff which in- 
creased (lie ammonia excretion in the urine. Steinilz (41) lias advanced 
the theory that the development of acidosis with fatty aeid stools in the 
gastrointestinal disorders of children, especially the chronic forms, is due 
to the loss of fixed alkalis through the intestine, either in their own form 
or in combination with fatty acids, i. e., as soaps. Balirdt (4) considers 
that, the increase of alkali in the stools is due to the stimulating influence 
of fat upon the panereas and the intestinal secretions; that there is 
not enough fatty acid present to account for all of the bases. Accord- 
ing to Freund (la), them arc lmt few tenable arguments and no ab- 
solutely certain metabolic-chemical facts to support the clinical impres- 
sion of a causative relation between fat. and acidosis. Yet, for the pres- 
ent it, seems advisable to be guided by clinical experience, and to with- 
hold fat, or give it with caution, in the gastrointestinal disorders of 
cb ildren. 

The generally accepted ratios of protein, carbohydrate, and fat for per- 
sons at light, moderately hard, and hard work are contained in the fol- 
lowing table: 
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STANDARD RATIONS 


Light Work. 

V oil. 

Jtub?ier. 

Atwater. 

Protein, grams 



123 

100 

Pat, grams 


46 

^ i 

Carbohydrate, grams .... 



377 


Calories 



2,445 

2,700 

Moderately Hard Work. 

Protein, grams 

118 

127 

125 

Fat, grams 

Carbohydrate, grams. . . 

56 

52 

L 

500 

509 

1 

Calories 

. . . 3,055 

2,968 

3,400 

Hard Work . 

Protein, grams 

145 

165 

150 

Fat, grams 

100 

70 

1 

Carbohydrate, grams. . . . 

500 

565 

i(i i 

Calories 

. . . 3,574 

3,362 

4,150 


Method of Reckoning the Protein, Fat and Carbohydrate Ratios for 
Diets of Definite Energy Values. — In Voit’s standard diet for a man at 
moderately hard work, approximately 16 per cent, of the energy is 
furnished by protein, 18 per cent, by fat, and 66 per cent, by carbohydrate. 
With the total energy value of the diet as 3,000 calories, the calculation is 
made as follows : 


480 

16% of 3,000 — = 115 grams protein. 

4.1 


540 

18% of 3,000 = = 57 grams fat. 

9.3 

19.80 

66% of 3,000 = = 483 grams carbohydrate. 

4.1 

By the employment of this method, the ratios may be determined for 
diets of any given energy value. 

1 Fat and carbohydrate must be supplied in sufficient quantities to make up the 
necessary energy. 



618 


NTTTRTTTON A INTO DIETETICS 


The Composition op Foods 

Slightly modified from Atwater and Bryant, U. S. Dept. Agriculture , 
Bull. No. MS ( revised edition ) 


Food Materials 


ANIMAL POOD 
Beef, Fresh 

Loin, loan, El 11 

Loin, medium fat, 

Loin, fat 

Loin, average 

Loin, porterhouse stoalc 

Loin, sirloin steak 

Loin, tenderloin 

Ribs, lean. 

Ribs, medium fat 

Ribs, fat 

Ribs, average 

Rump, lean 

Rump, medium fat 

Rump, fat 

Rump, average 

Beef liver 

Beef marrow 

Beef tongue 

1 ’eal, Fresh 

Leg, lean 

Leg, medium fat 

Loin, lean 

Loin, medium fat 

Loin, fat 

Lorn, average 

Rib, medium fat 

Rib, fat 

Veal kidney, average 

Veal liver, average 

Lamb, Fresh 

£eg 

Lorn 


Mutton , Fresh 

Leg, lean 

Leg, medium fat 

Leg, average 

Loin, medium fat 

Loin, free fat removed 

Kidney 

Liver, average 

Pork, Fresh 

Chops, medium fat 

Chops, fat 

Ham, smoked, lean 

Ham, smoked, medium fat 

Ham, smoked, fat 

Ham, smoked, average 

Bacon, medium fat 


Pro! t*in 
(N. x 0,25) 

Fat 

Carbo- 

hydrate's 

Fuel 

Value 

per 

pound 

Fuel 

Value 

per 

100 gms. 

100- 

Calory 

Portions 

% 

% 

% 

Calorics 

Calorics 

Grams 

13.0 — 24 0 

11.0—15 0 


900 

199 

52.5 

11 0—22 0 

1(5 0—24 0 


1,190 

262 

38.2 

10 0- -14) 0 

25 0—30 0 


1,490 

329 

30.4 

19 0 

19 1 


1,155 

254 

39.4 

21.9 

20.4 


1,270 

270 

37.0 

IS 9 

18 5 


1,130 

250 

40.0 

12 0—18.0 

17 0—30 0 


1,330 

290 

34.5 

1(5 0 — 21 0 

10 0—14 0 


870 

190 

52.6 

10 0—19 0 

IS 0—33.0 


1,450 

1,780 

320 

31.2 

12 0—17.0 

31. 0—37.0 


390 

25.6 

17. S 

24 6 


1,370 

300 

33.4 

17 0—23.0 

10 0—18 0 


965 

210 

47.6 

1(5 0—19.0 

20 0—30 0 


1,400 

310 

32.3 

15 0—23 0 
18.7 

33.0—39.0 

23.1 


1,820 

1,325 

400 

290 

25 0 
34.5 

18 0—23.0 

3 0— 0 0 

1.0— 3.5 

605 

135 

74.0 

2.2 

92.8 


3,955 

S70 

11.5 

17.0—22.0 

1.0—18.0 


740 

165 

60.6 

20 0—23 0 

1 0— 6 0 


570 

125 

80.0 

18.0—21.0 

7 0—12 0 


755 

365 

60.6 

19.0—21.0 

5.0— 7.0 


615 

135 

74.1 

18.0 — 20 0 

10.0— 13.0 

18.0— 19 0 


825 

1,145 

180 

250 

55.6 

40.0 

18 0—19.0 


19.9 

10.0 


790 

175 

57.2 

20.0—22 0 

3 0— 9 0 


610 

140 

71.4 

1G 0—20 0 

11.0—31 0 


1,160 

260 

38.4 

10 9 

V) 4 


585 

130 

77.0 

19 0 

0 3 


575 

125 

SO 0 

1,5.0—18.0 

15 0—27.0 


1 ,300 
2,540 

290 

34.5 

17.0—20.0 

25.0—35.0 


340 

29.4 

19 0—20 0 

12 0—13.0 


890 

195 

51.3 

17.0—19 0 

15.0—22.0 


1,105 

240 

41.7 

18.7 

17 5 


1,085 

1 ,695 

240 

41 7 

14 0—20.0 

2(5.0—38 0 


375 

26 7 

23 7 

18.5 


1,225 

270 

37 0 

16.5 

3.2 


440 

97 

103 0 

23,1 

9.0 

5.0 

905 

200 

50 0 

14.0 — 19 0 

25 o — 35.0 


1,580 

2,145 

1,245 

1,940 

2,485 

1,945 

3,030 

350 

28 6 

11.0 — 19 0 

39 0 — 19.0 


470 

21 6 

19 o-_20 0 

17 0—24.0 


280 

35.7 

12 0 — 23 0 

30 0 — 45.0 


430 

23.6 

12.0 — 19.0 

42 0 — 57.0 


550 

18.2 

16.5 

38 8 


430 

23 6 

6 . 0 — 18 . 0 

57.0—80.0 


670 

14.9 


i Edible Portion. 
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The Composition op Foods — C ontinued 


Slightly modified from Atwater and Bryant , U. S. Dept. Agriculture 
Bull . No. 28 0 revised edition) 


Food Materials 


ANIMAL FOOD Cont. 

Sausages 

Bologna 

Frankfort 

Pork 


Poultry , etc., Fresh 

Chicken, broilers 

Fowls 

Turkey 

Chicken liver 

Fish, Fresh 

Bass, black, average 

Bass, striped, average 

Bluefish 

Cod 

Halibut steaks, average 

Mackerel 

Salmon, average 

Shad, average 

Shad, roe 

Fish, Preserved and Canned 
Cod, salt, boneless, average .... 
Mackerel, salt, boneless, average 

Sardines 

Caviare 

Shellfish, etc., Fresh 

C lam s 

Lobsters 

Oysters 

Scallops, average 

Crabs 


Meats, CooJced 

Beef, roast 

Beef, round steak, roasted 

Loin steak, tenderloin, broiled 

Corned beef, canned 

Tongue, canned 

Lamb, Cooked 

Chops, broiled 

Leg, roast 

Mutton , Cooked 
Leg, roast 

Pork, Cooked 

Ham, roast 

Ham, smoked, boiled 

Ham, smoked, fried 

Ham, luncheon, cooked 


Protein 
(N. x 6.25) 

Fat 

Carbo- 

hydrates 

Fuel 

Value 

per 

pound 

Fuel 

Value 

per 

100 gma . 

100 - 

Calory 

Portions 

% 

% 

% 

Calories 

Calories 

Grams 

15 . 0 — 21.0 

11 . 0 — 24.0 

0 2—0 5 

1,095 

240 

41.7 

15 0—27 0 

15 0 — 26.0 

2 . 0—8 6 

1,170 

260 

38 5 

7 . 0 — 19.0 

28 . 0 — 57.0 

0 . 0—8 6 

2,125 

470 

21.6 

19 . 0 — 25.0 

2 . 0 — 4.0 


505 

110 

91.1 

15 0—22 0 

10 0 — 28,0 


1,045 

230 

43.5 

19 . 0—25 0 

9 . 0 — 31 . 0 


1,360 

300 

33.4 

22 4 

4.2 

2.4 

640 

140 

71.4 

20 6 

1 7 


455 

100 

100 0 

18 6 

2.8 


465 

105 

95.2 

19 4 

1.2 


410 

91 

109.9 

15 0—18 0 

0 . 3 — 0.5 


325 

72 

138.9 

18.6 

5 2 


565 

125 

80.0 

17 . 0 — 19.0 

2 . 0 — 16.0 


645 

140 

71.4 

22.0 

12 8 


950 

210 

47.7 

18.8 

9.5 


750 

165 

60.6 

20.9 

3.8 

2.6 

600 

135 

74.1 

27.3 

0.3 


490 

110 

90.9 

17.3 

26.4 


1,435 

320 

31.2 

23 0 

19 7 


1,260 

280 

35.7 

30.0 

19.7 


1,530 

340 

29.4 

8 0 — 9.0 

10—12 

1 0 — 2.0 

240 

53 

189 0 

12 0—25 0 

1 . 0 — 2.0 

0 . 0 — 1.0 

390 

86 

116.2 

4 . 0 — 10.0 

0 . 6 — 7.0 

2 . 0 — 7.0 

235 

52 

192 2 

14.8 

0 1 

3 4 

345 

76 

131.5 

16.6 

2.0 

1.2 

415 

92 

108.6 

15 . 0—29 0 

20 . 0 — 41.0 


1,620 

360 

27.8 

19 . 0 — 34.0 

3 . 0 — 17.0 


840 

185 

54.1 

20 0—27 0 

12 0 — 36.0 


1,300 

290 

34.5 

21 . 0 — 35.0 

12 0—31 0 


1,280 

280 

35.7 

11 . 0 — 23.0 

16 . 0 — 33.0 


1,340 

300 

33.3 

19 . 0—25 0 

24 0 — 35.0 


1,665 

370 

27.1 

19.7 

12.7 


900 

200 

50.0 

23 . 0 — 28.0 

20 . 0 — 25.0 


1,420 

310 

32.3 

18 0 — 26.0 

17 . 0 — 24.0 


1,210 

281 

35.6 

18 . 0 — 22.0 

8 . 0 — 37.0 


1,320 

290 

34.5 

22.2 

33.2 


1,815 

400 

25.0 

22.5 

21.0 


1,305 

290 

34.5 
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The Composition of Foods — Continued 

Slightly modified from Atwater and Bryant, U. S. Dept. Agriculture , 
Bull. No. iJS (revised edition ) 


animatj food — Cont. 
Poultry, Cooked 

Capon 

Chicken, fricasseed 

Turkey, roast 


Fish, Cooked 

Blucfish, cooked 

Spanish mackerel, broiled . 


Protein 

NT. x 0.215) 

Fat 

Carbo- 

hydrates 

Fuel 

Value 

per 

pound 

Fuel 

Value 

per 

100 gins. ] 

100- 

Calory 

Portions 

% 

% 

% 

Calm ics 

Calories 

Grams 

27 0 

11.5 


085 

220 

45.5 

17 6 

n 5 

2.4 

S55 

190 

52.6 

27.8 

18.4 


1,205 

290 

34.5 

25.9 

4.5 


670 

150 

66 6 

23.7 

6.5 


655 

145 

69.0 


Dairy Products 

Eggs, hen’s, raw, K. P 

Eggs, hen’s, boiled 

Eggs, hen’s, average 

Eggs, boiled, whites 

Eggs, boiled, yolks 

Butter 

Milk, buttermilk 

Cheese, American 

Cheese, Cheddar 

Cheese, Cottage 

Cheese, Dutch 

Cheese, full cream 

Cheese, Swiss 

Koumys 

Milk, sweetened, condensed. . . . 
Milk,' unsweetened, condensed, 

(evaporated milk) 

Milk, skimmed 

Milk, whole 

Whey 

Woman’s milk 1 

Goat’s milk 1 

Cream 1 

Cream, very rich, centrifugal 2 . . . 
Cream, ordinary, centrifugal 3 . , . 

Cream, ordinary, gravity® 

Milk, ordinary, whole® 

Top from one quart of whole 
milk®: 

Top 16 oz, or upper one-half. . . 
Top 11 oz. or upper one-third . 
Top 8 oz. or upper one-fourtli . 
Top 6 oz. or upper one-fifth . . . 

Whey from whole milk 1 

Whey from fat-free milk 3 

Matzoon or Zoolak® 

Gelatin 

Calf’s foot jelly 

Lard, refined 

Lard, unrefined 


11.6—16 0 

10.0— 15.0 
13.3 

11.6—14 8 
15.3—10.8 
1 0 
3.0 
28 8 
27.7 

16.0— 26 0 
30 0 — 15 0 
18 0—37.0 
26 0—20,0 

2 6 — 3.0 
6 . 0 — 10.0 


: 8 6 — 15 
i 0 . 1 — 14 / 
11.2 

o.o— o.; 

32.2—34. 
85 0 
0.5 
35.0 
36.8 

0.4— U 
KJ.O—lO.i 

24.0— 45 < 

83.0— 37.1 
1.7— 2.- 
0.4—10. 


8 0—10.0 S 0—10.1 


3.0— 3.210.0—20 


5.1 
5.0 
5.0 
6.37 
4.04 
4 5 
3 0 
3.9 

0 3.0— 4. 


3.5 

4.0 

4.5 

3,4 

7.0 

4,5 

3.3 

10.0 

4.3 

3.3 

13.0 

4.2 

3.2 

16 0 

4.0 

0 94 

0 06 

5.5 

1,17 

0 04 

5.4 

3.5 

. 0—07 . 0 

3.5 

3.7 

4.3 

100.0 

17.4 

0—3 0 

\ 02 0—06 0 



55 182.0 
380 26.3 

S00 12.5 

36 278.0 
450 22.2 


53 189 0 
340 29.4 

170 58 8 

* 38 263.0 
72 138.9 
28 357.0 

68 147.1 

69 144 0 
206 48.6 


98 100 2 
124 80.7 

148 67.6 

178 56.2 

25 400.0 
27 370 5 
62 161.2 
380 26.3 

90 111.1 
930 10.7 

890 11.2 


1 From U, S. Dent, of Agriculture Farmers’ Bulletin No. 363. 

*From Holt, The Diseases of Infancy and Childhood,” New York, 1904, 
* From Analyses by Adriance. 
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The Composition of Foods — Continued 


Slightly modified from Atwater arid Bryant , U. S. Dept. Agriculture, 
Bull. No. 3S (revised edition) 


Food Materials 

Protoin 
(N. x 6.26) 

Fat 

Carbo- 

hydrates 

Fuel 

Value 

per 

pound 

Fuel 

Value 

per 

100 gms. 

100- 

Calory 

Portions 


% 

% 

% 

Calories 

Calonea 

Grama 

ANIMAL FOOD Cont. 

Dairy Products 

1 .2 

83.0 

3,525 

780 

12.8 


4.9 

0.6 


115 

25 

400.0 

VEGETABLE FOOD 

Barley, meal and flour 

9 0—13.0 

15—32 

70 0—74 0 

1,640 

360 

27.8 

Barley j pearled 

7.0—10.0 

0 7— 1.5 

77 0—78 0 

1,650 

360 

27.8 

Barley water 1 

0.09 

0.05 

1.6 

36 

8 

1250.0 

Buckwheat flour 

4.0—10.0 

0.5— 2.3 

71.0—81.0 

1,620 

360 

27.8 

Buckwheat preparations, farina, 

and groats, average 

Corn-meal, unbolted 

10.9 

0.4 

84.0 

1,660 

370 

27.1 

80-00 

4 5— 5.2 

72.0—75 0 

1,730 

380 

26.3 

Corn-flour 

6 0— 8.0 

10—20 

77.0—80.0 

1,645 

360 

27.8 

Corn-meal, granular 

7.0—12.0 

1.0— 5.0 

68 0—80.0 

1,655 

370 

27 1 

Hominy, raw 

6 0—90 

0.2— 1 0 

77.0—81.0 

1,650 

360 

27.8 

Hominy, cooked 

2.2 

0.2 

17.8 

380 

84 

119.0 

Oatmeal, raw 

13.0—21.0 

6.0— 9.0 

64.0—70 0 

1,860 

410 

24.4 

Oatmeal, boiled 

2.8 

0.5 

11.5 

285 

63 

159.0 

Oatmeal, gruel 

0.9— 1.6 

0.2— 0 5 

3 0—10.0 

155 

34 

294.0 

Oatmeal water 

0.4— 0.9 

0.0— 0 1 

1.3— 4.5 

70 

15 

666.6 

Rice 

6 9—11.3 

0 1—07 

75.4—81 9 

1,630 

360 

: 27 8 

Rice, boiled 

1.6— 5 0 

0.0— 0.1 

15 5—41 9 

510 

115 

86.9 

Rye flour 

4.9— 8.8 

0 2— 1.3 

77.6—80 2 

1,630 

360 

27 8 

Wheat flour 

12.2—14 6 

2.1— 1 5 

69.5—77.0 

1,675 

370 

27.1 

Wheat flour, patent roller pro- 
cess 

8.4—14.7 

0 3—16 

70 3—80.0 

1,660 

370 

27.1 

Farina 

10 4—11.7 

08-38 

74 6—78.5 

1,685 

370 

27.1 

Shredded wheat 

9.6—11.4 

; l 3— l 6 

75 0—79 7 

1,700 

380 

26.3 

Macaroni 

7.9—16.6 

0.0— 4.9 

67.2—78.4 

1,665 

370 1 

27 1 

Bread, brown, as purchased .... 
Bread, corn (johnny cake) 

5 0— 5.8 

' 1.2— 2 4 

43.6—50.7 

1,050 

230 

43.5 

6.5—10.1 

2.3— 9.8 

40 3—54.3 

1,205 

280 

35 7 

Bread, rye 

Bread, gluten 

6.4—11.1 

0.1— 1 4 

45.6—65.8 

1,180 

260 

38.4 

: 8.2—11.1 

0 7—24 

44.6—53.0 

1,160 

260 

38 4 

Bread, graham 

Rolls, plain 

1 6.8—10.9 

0 . 4 — 3 8 

38 6—59.1 

1,210 

1,470 

270 

37.1 

8.6—11.9 

0.4— 9 4 

56.7—64.7 

320 

31.2 

Rolls, all analyses, average 

Toasted bread 

8 9 

4 1 

56.7 

1,395 

310 

32.3 

10.6—12.8 

0.6— 3.2 

56.7—67.1 

1,420 

310 

32.3 

Bread, white, home-made 

6.8—11.0 

0.4— 3.5 

47.6—58.0 

1,225 

270 

37.1 

Bread, white, all analyses, aver- 
age 

9.2 

1.3 

53.1 

1,215 

270 

37.1 

Bread, whole wheat 

8 1—11 7 

0 4— 2.7 

37.2—56 2 

1,140 

250 

40.0 

Zwieback 

8.6—11.7 

8.1—11.3 

72.1—74 2 

1,970 

435 

23 0 

Crackers, Boston, split 

10.7—11.3 

9 9 

68. S— 73.4 

1,885 

415 

24.1 

Crackers, cream 

Crackers, graham 

8.6—11.2 

10 7—13.8 

68 0—72 4 

1,990 

440 

22.8 

7 4—14.4 

1 1—13.6 

69 7—77.2 

1,955 

430 

23.2 

Crackers, oatmeal. ... 

10 4—13.1 

8 5—13 7 

68 3—69.6 

1,970 

435 

23.0 

Crackers, saltines 

9 9—11.2 

12.7—12.8 

67 1—69.9 

2,005 

440 

22.8 

Cake, chocolate layer 

6 2 

8.1 

64.1 

1,650 

365 

27.5 

Cake, coffee. 

4.9— 9.0 

4 7—10 5 

152.4—78.8 

1 1,625 

360 

27.8 

Cake, cup 

5.2— 6.6 

, 2.5—15.6 

i63.2—73.8 

i 1,765 

390 

25 6 

Cake, frosted 

5.0— 7 5 

i 7 5— 10. e 

*58.3— 71. C 

) 1,695 

375 

26.7 

Gingerbread 

5.4— 6 3 

1 8 4— 9 £ 

*62.3—64.7 

r 1,670 

370 

27.1 

Cake, sponge 

5.7— 7.3 

! 6.4—13 C 

157.3— 1 71. 3 

. 1,795 

395 

25.3 


iFtqisl Holt, '* The Diseases of Infancy and Childhood," New York, 1904. 
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The Composition of Foods — Continued 

Slightly modified from Atwater and Bryant , U. S, Dept. Agriculture, 
Bull. No. i2S {mused edition) 





Furl 





Pridein 

Fat 

Cm ])o- Valia 1 

Value 


Food Materials 

(N. x <1.25) 


hydrates per 

per 





pound 

100 gniH. 

Portions 

VEGETABLE FOOD — Cont. 

Vi» 

v /o 

r /„ Cnloru'H 

Caloricn 


Cuke, all analyses except fruit 






cake, average 

6 3 

0 0 

03 3 1,675 

370 

27.1 

Cookies, all analyses, average. . , 

7 0 

0 7 

73 7 1,910 

420 

23 8 

Ginger snaps 

5.8— 7 3 

2.3—15 4 

71 9 — 80.8 1,895 

420 

23 8 

Macaroons 

3 1 — 10 0 

9 0—21 5 

57 1—71 4 1,975 

435 

23.0 


5 1 — 7 0 

10.4 — 25 7 

45 s — 03 2 2,000 

440 

go g 

Pie, apple 

2 6 — 3.8 

7.7—11 3 

40 3 — 10 2 1/270 

280 

35 7 

Pic, custanl 

4 2 

0.3 

20.1 830 

ISO 

55.6 

Pie, mince 

4 5— 7.5 

0 7—14 5 

30 4 — 14 0 1,335 

295 

34.0 

Pie, squash 

4 t 

8 t 

21 7 840 

185 

54.1 

Pudding, Induin-meal 

5 5 

1 8 

27.5 815 

180 

55.6 

Pudding, rice custard 

4 0 

1 6 

31.4 825 

180 

55.6 

Pudding, tapioca 

2 8 — 4 2 

2 3— 4 S 

21 9—38.1 720 

360 

62.5 

Pudding, tapioca with apples. . . 

0 3 

0.1 

29.3 555 

125 

80.0 




96.0 1,785 

395 

25 3 


0 2 — 1 1 


77.3 — 85 4 L590 

350 

28 6 

Molasses 

0 0— 5 1 

0 6 — 0.2 

58 8—76.7 1,290 

285 

35 !l 

Starch, arrowroot 



97.5 1,815 

400 

25,0 

Starch, cornstarch 



90 0 1,075 

370 

27 1 

Starch, tapioca 

0 2 — 0 0 

0 0 — 3 0 

80 0—89.0 1,050 

305 

27 5 

Sugar, coffee or brown 



95.0 1,705 

390 

25 6 




100 0 1,800 

410 

24.4 




71 0—95.2 1,510 

340 

29 4 




15.9 — 81.9 1/130 

295 

34.0 

VEGETABLES 






Artichokes 

2.2 — 2 0 

0 . 1 — 0.2 

15. 3— 18.3 365 

81 

323 3 

Asparagus, cooked 

2.1 

3.3 

2 . 2 220 

49 

204.0 

Beans, butter, green, E. P 

0.4 

0 6 

29.1 740 

165 

60.6 

Beans, dried 

10 . 0 — 20.6 

1.4— 3.1 

57.2—63.5 1,605 

355 

28.1 

Beji.ns, limn,, dried, 

12.8 — 24 5 

0.0 — l.o 

01.0 — 70.1 1,025 

360 

27.8 

Beans, lima, fresh, E. P 

3.2 

0.3 

9.9 255 

56 

178.7 

Beans, string, cooked, E. P 

0.8 

1 1 

1.9 95 

21 

477.0 

Beans, string, fresh, E. P 

1.7— 2.8 

0.4 

12.6 300 

66 

151.5 

Beds, cooked, E. P 

2.3 

0.1 

7.4 185 

41 

244.0 

Beds, fresh, E. P 

0.0— 3.0 

0 .1— 0.2 

3.8—16.3 215 

47 

216.0 

Cabbage, E. P 

0 .2— 2.0 

0.1— 0.7 

3.4— 8.0 145 

42 

238.0 

Carrots, fresh, E. P 

0.7— 2.0 

0 . 0 — 0.7 

6.5—13.8 210 

46 

218.0 

Cauliflower 

1 . 6 — 2.0 

0 .2— 8.0 

3.4— 6.0 140 

31 

323.0 

Celery, E. P 

1.0— 1.4 

0 .1— 0.2 

3.0— 4.6 85 

19 

526.0 

Com, green, E. P 

2.8— 3.7 

1 .0— 1.1 

14.1—22.0 470 

105 

95 4 

Cucumbers, E. P 

0.5— 0.0 

0 . 1 — 0.5 

2.2— 4.0 80 

18 

556 0 

Lentils, dried 

24 5—26.0 

0.7— 1.5 

58.6—59.8 1,620 

360 

27.8 

Lettuce, E. P 

0 7— 1.8 

0 .1— 0.0 

1.0— 4.9 90 

20 

500 0 

Mushrooms 

1 7— 6.0 

0.2— 0.9 

2.4—20.3 210 

46 

218.0 

Onions, fresh, E. P 

0.2— 4 4 

0.1— O.S 

4.2—15.5 225 

50 

200.0 

Onions, cooked, prepared 

1 2 

1.8 

4.9 190 

42 

238.0 

Parsnips 

1 4— 1.0 

0 2— O.S 

8.0—17 0 300 

66 

151.5 

Peas, dried 

20 4—28 0 

0 8 — 1.3 

58.0—67 4 1,655 

365 

27.5 

Peas, green, E. P 

4.4— 8.0 

0.3— 0.0 

13.4—18.9 405 

105 

95.4 

Peas, green, cooked 

6.7 

3.4 

14 6 540 

120 

83.3 

Potatoes, raw or fresh, E. P. 

1.1— 3.0 

0 .0— 0.2 

13 5—27.4 385 

85 

117.8 

Potatoes, cooked, boiled 

l.S— 3.1 

0.0— 0 4 

16 1—26 5 440 

97 

103.1 

Potatoes, cooked, chips 

6.0— 7.6 

35.5 — 14 2 

42.7—50 C 2,675 

590 

16.9 
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Slightly modified from Atwater and Bryant, U. S. Dept. Agriculture , 
Bull. No. 28 ( revised edition) 


Food Materials 

Protein 
(N. x 6.25) 

Fat 

Carbo- 

hydrates 

Fuel 

Value 

per 

pound 

Fuel 

Value 

lOt^gms. 

100- 

Calory 

Portions 


% 

% 

% 

Calories 

Calories 


VEGETABLES Cont. 







Potatoes, cooked, mashed and 







creamed 

2 0—36 

1.0— 4.5 

13 9—22 4 

505 

110 

90.9 

Potatoes, sweet, raw or fresh, 







E. P 

0.4— 3 7 

0.2— 1 4 

17.1—49.1 

570 

125 

80 0 

Potatoes, cooked and prepared, 







sweet 

3.0 

2.1 

42 1 

925 

200 

50.0 

Sweet cassava 1 

1.1 

0.2 

30.2 

610 

135 

74.1 

Cassava starch 1 

0.5 

0.1 

88.8 

1,625 

360 

27.8 

Cassava bread 1 

9 1 

0 3 

79.0 

1,650 

365 

27.4 

Cassava cakes or wafers 1 

1.1 

0 2 

85.2 

1,670 

370 

27.0 

Taro 1 

1 8 

0 2 

23 2 

475 

105 

95.3 

Yams 1 

1.8 

0,2 

23.3 

475 

105 

95.3 

Yautia tubers 1 

2.2 

0 2 

26 1 

535 

120 

83.3 

Radishes, E. P 

0 5 — 3 0 

0 0 — 0 . 3 

3.4— 8.3 

135 

30 

334.0 

Spinach, fresh 

1 8— 2.4 

0.2— 0 5 

3 1— 3.4 

110 

24 

417 0 

Spinach, cooked 

2 1 

4.1 

2.6 

260 

57 

175.4 

Squash, E. P 

0 6—31 

0 1— 1.4 

3.5—16 5 

215 

47 

216.0 

Tomatoes, fresh 

0.3— 1.3 

0.2— 1.4 

2.2— 6.5 

105 

23 

435.0 

Turnips 

0.7— 3.9 

0.1— 0.4 

2.8—23.8 

185 

41 

244 0 

Vegetables , Canned 







Asparagus 

0.9— 2.4 

0 0— 0.2 

2.2— 4.1 

85 

19 

526.0 

Rea, ns, baked 

5.1 — 8 1 

0 3— 6.8 

13.1—23.2 

600 

135 

74 0 

Beans, string 

0.6— 4.0 

0 0— 0.5 

2.0—13 5 

95 

21 

477 0 

Beans, lima 

3.2— 5.6 

| 0 2— 0.6 

10.5—17.9 

360 

79 

126 7 

Com, green 

2 0—37 

! 0 5— 1.9 

9.8—25 8 

455 

100 

100.0 

Peas, green 

1.6— 6 1 

0 0— 0.8 

4 9—17.4 

255 

56 

178.5 

Succotash 

2.9— 4.4 

0.7— 1.7 

14 9—22.4 

455 

100 

100 0 

Tomatoes 

0.3— 1.7 

0 1—03 

1 4— 8.1 

105 

23 

435.0 

Catsup, tomato 

1.1— 2.0 

0 1— 0.4 

8.5—16.1 

265 

58 

172 3 

Olives, green, E. P 

1.1 

27 6 

11.6 

1,400 

| 3X0 

32 3 

Pickles, cucumber 

0.4r- 0.7 

0.1— 0 5 

1.3— 5 4 

70 

16 

666.6 

FRUITS 







Apples 

0.1— 0.8 

0.1— 1.4 

8.8—21.3 

290 

64 

156 1 

Apricots, E. P 

1 1 


13.4 

270 

60 

166.8 

Bananas, yellow, E. P 

1.0— 1.6 

0 0— 1.4 

16.3—29.8 

460 

100 

100 0 

Blackberries 

0 9— 1.5 

0 5—29 

7.5—16 7 

270 

60 

166.8 

Cherries, E. P 

0.7— 1 1 

0.8— 0.8 

11.4—20 6 

365 

81 

123.3 

Cranberries 

0 4—05 

0.4— 0 9 

9.3—10.9 

215 

47 

216.0 

Grapes, E. P 

1.3 

1 6 

19 2 

450 

99 

111 1 

Lemons, E. P 

0.8— 1.1 

0.1— 1.5 

8.2— 9.0 

205 

45 

226 0 

Lemon juice 



9.8 

180 

40 

250 0 

Oranges, E. P 

0.8— 1.1 

0.1— 0.3 

11.6—18.5 

240 

53 

189 0 

Peaches, E. P 

0.4— 0.9 

0.1— 0 1 

9 3— 9.4 

190 

42 

238.0 

Pears, E. P 

0.6— 0.6 

0.1— 0.8 

14.1—14.2 

295 

65 

154 0 

Plums, E. P., average 

1 0 


20 1 

395 

87 

115 0 

Prunes, E. P., average 

0,9 


18.9 

370 

82 

122.0 

Raspberries, red, E. P 

1.0 


12 6 

255 

56 

178.5 

Strawberries, E. P 

0.6— 1.2 

0.4— 1.1 

4.4—12.3 

180 

40 

250.0 

Watermelon, E. P 

0.3— 0.6 

0.1— 0.2 

6 5— 6.9 

140 

31 

323.0 


1 From Bulletin No. 295, Dept, of Agriculture. 
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The Composition of Foods — Continued 

Slightly modified from Atwater and Bryant , U. id. Dent. Agriculture, 
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Food Materials 

l’rotein Fat 

(N. x c> ar»> 

Carhn- 

hydruU'S 

Fuel 

Vaiuo 

per 

pound 

Fuel 

Value 

per 

100 gms. : 

100- 

Calory 

Portions 

Fruits, Dried 

% % 

v /o 

Calorics 

Calorics 

Grams 





Apples 

1.2— 2. 5 0.1— 5.0 

IS 0— SO 0 

1,350 

300 

33.4 

Currants, Zantc 

t 0— 1.7 0 *1— 1 . 7 

(>0.0—85 3 

1,405 

330 

30.3 

Figs 

2 0 — 5 7 0.0— o :$ 

OS. 3— S3 1 

1,475 

325 

30.8 

Prunes, E. P 

1.4-3 2 

0S.1— 7S.0 

1,400 

310 

32 3 

Fruits , Canned , etc . 






Raisins, E. P 

2.2— 3 0 0 5 — 7 2 

71.3— 78. S 

1,005 

355 

28.1 

Apple sauce 

Marmalade (orange peel) 

0 2 0 S 

37.2 

730 

100 

62.5 

0 (» 0.1 

84.5 

1,585 

350 

28 6 

Strawberries, slewed 

0.7 

24.0 

400 

100 

100.0 

NUTS 






Almonds, E. P 

10.0— 25.2 48. 0— 00.0 

12.8—21.4 

3,030 

670 

14.9 

Brazil nuts, E. P 

17.0 00. S 

7.0 

3,205 

720 

13.9 

Chestnuts, fresh, K. P 

4 1— 8.0 2.0—10 X 

30 9—54 0 

1,125 

250 

40.0 

Cocoanul. without, milk 

3.(1 31.7 

17.5 

1,730 

380 

26.3 

Filberts, E. P 

15.0 05.3 

13.0 

3,290 

725 

13.8 

Hickory nuts, E. P 

15.4 07.4 

11.4 

3,345 

740 

13.5 

Peanuts, E. P 

10.5— 20.1 32.3— 48. 8 

15.3—40.4 

2,500 

565 

17.7 

Peanut-butter 

20.3 40.5 

17.1 

2,825 

625 

16.0 

Pecans, unpolished, E. P 

0.0 70.5 

15.3 

3,435 

760 

13.1 

Walnuts, California, black, E. P. 

24.0—30.3 54.7—57.8 

7.4—10.1 

3,105 

685 

14.6 

MISCELLANEOUS 






Chocolate 

12.5—13 4 47.1—50.2 

20.8—33.8 

2,860 

630 

15 9 

Cocoa * 

20 0—22 7,27.1—31.5 

35,3 — 40 0 

2,320 

510 

19.6 

Beef soup 

2.7— 0.2 0.3— 0.5 

0.0— 2.2 

120 

26 

384.0 

Bean soup 

3 2 1.4 

0.4 

205 

65 

154.0 

Chicken soup 

10.fi 0.8 

2.4 

275 

61 

164 0 

Clam chowder 

0.7— 2.0 0.5— 1.1! 

2 5—11.0 

105 

43 

236.0 

Meat stew 

3.7— 5.0 2.0— 0.4 

4.3— 7.0 

370 

82 

122.0 

Soups, Canned 






Asparagus, cream of 

2.5 3.2 

5 5 

285 

63 

159.0 

Bouillon 

1.7— 2.0 0.0— 0.2 

0.1— 0.3 

50 

11 

909.0 

Celery, cream of 

2 1 2 8 

5 0 

250 

55 

182.0 

Chicken gumbo 

3 0— 4.0 0 2— 1.7 

3.8— 5 5 

195 

43 

236 0 

Chicken soup 

3.2— 3.0 0,0— 0.2 

1.2— 1.7 

100 

22 

455.0 

Mock turtle . 

4.5— 5.0 0.5— 1 3 

1 . 0 — 3 . 9 

1S5 

41 

244.0 

Oxtail 

3.9— 4.1 0.5— 2.1 

4.2— 4.3 

210 

46 

218.0 

Pea soup 

1.5— 5.S 0.0— 1.6 

5.1—11.1 

235 

52 

192.5 

Tomato soup 

1.7— 1.9 0.9— 1.2 

; 5.3— 6.0 

185 

41 

244.0 
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Name 

Protein 

Fat 

Carbohydrates 


% 

% 

% 

Gum glutin (Hoyt’s) 

31.80 

1.55 

54.15 

Educator standard gluten flour 

26.40 

1.67 

59.38 

Gluten flour, 40 per cent 

40 25 

1.18 

47 42 


41.10 

1.10 

47.90 

Self-raising gluten flour, 40 per cent 

38.70 

1.30 

50.10 

Pure gluten flour 

78.80 

0.90 

12 60 

20 per cent, gluten flour 

21.00 

0.70 

68 20 

Pure gluten flour, glutosac 

35.20 

0.60 

55.00 

Gluten food 

85.40 

0.56 

3.69 

Protosac 

36.60 

0.86 

51.03 

Washed gluten flour 

62 40 

0 91 

29.51 

Glutosac 

34.06 

1.57 

52.13 

Diabetic biscuit flour 

75 25 

8.96 

5 89 

Plasmon meal 

78.65 

2.72 

0. 

Aleuronat 

86.10 

0.51 

4.00 


73.65 

0 24 

14 55 

Roborat 

82.20 

3.67 

3.00 

Wheat protein 

84.10 

1.40 

4.80 

Energin from rice 

83.70 

4.54 

0.67 

Vegetable gluten 

61.37 

1.55 

28 23 

Casoid flour 

85.56 

0.50 

0. 

Sanitas nut meal 

29.00 

51.66 

12.13 

Soy bean meal 

39.87 

19.06 

25.09 

Almond meal 

50.62 

15.63 

15.90 

Gluten flour 

11.37 

0.90 

74.38 

Gluten flour 

15 50 

2 60 

70.80 

Diabetic flour 

12 00 

0.46 

76.45 

Jireh diabetic flour 

14 30 

2.21 J 

71.95 

Special diabetic flour 

14 25 

2.96 | 

67.47 

Gluten flour 

13.30 

1.05 

72 11 

Gluten flour 

16.40 J 

3.15 | 

70.60 


THE EFFECTS OF COOKING UPON FOOD* 

The practice of cooking food is universal. All existing races follow 
the custom, at least as regards part of their food, and archeological re- 
searches indicate that the art of cooking extended far into prehistoric 
times. Cooking plays an important part in the preparation of food for 
human consumption. Substances which in their natural state are insipid 
and nearly, or quite, indigestible become valuable foods when subjected 
to the processes of cooking. 

The objects sought in the cooking of meats and vegetables are essen- 
tially similar. They are as follows: 

I. To develop flavor and improve the appearance of the food. 

i In the preparation of this section the author has derived much assistance from 
TL S. Dept, of Agriculture Bulls. Nos. 43, 67, and 102, and Farmers’ Bulls. Nos. 34 
and 389. 
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NUTRITION AND DIETETICS 


Foods which art 1 attractive in appearance, of pleasant aroma, and 
savory taste stimulate the secretion of the “appetite juice” and thus indi- 
rectly become more digestible. 

II. To increase its digestibility. 

Cooking’ produces both physical and chemical changes in the food. It 
is more important, in the case of vegetables than in the case of meats. 
Both are rendered more digestible. 

In the process of cooking the connective tissue of meat is softened 
and in part converted to gelatin. In consequence, mastication is easier 
and more coni] dote, thus insuring freer access of the digestive juices to 
the muscle fibers. While heat coagulates the albumins of meat, and, it is 
thought, renders them slightly less digestible, this effect is probably more 
than offset by the above-mentioned advantages, unless the meat be cooked 
too long. 

V egetahles consist for the most part of starch, which is inclosed within 
cellulose walls. (Vllulose is practically undigested by man, and much of 
the starch of raw vegetables escapes from the body in the feces. More- 
over, raw starch itself is difficult of digestion. During the process of cook- 
ing, the starch grains swell, hurst the eell walls, and become softer. In 
addition starch is converted partly to dextrin: this ocenrs both in moist 
and dry heat. 

Except, for the development of flavor, fats are probably affected hut 
little by the process of cooking unless they are scorched. 

ITT. To destroy parasites and bacteria. 

When meat is taken only from healthy animals and is properly in- 
spected, there is little danger from parasites or bacteria. But these pre- 
cautions are not always followed, especially in the case of meals which are 
sold to the poor; therefore, incuts of doubt fid origin should always be 
thoroughly cooked. 

Vegetable foods, likewise, may carry infection. The typhoid bacillus, 
for example, may enter the body upon green vegetables which have been 
washed or grown in polluted water. 

The Cooking of Meats. — The various methods of cooking meats may 
he grouped under two headings: 

1. Methods which are intended to prevent the loss of the juices of 
the meat, such as roasting and broiling. By these methods the meat is 
heated rapidly, the surface albumin coagulated, and the juices of the meat 
retained. 

2. Methods which permit the loss of the juices, such as boiling and 
stewing. With these methods the meat is heated slowly, and the juices 
escape to a greater or lessor extent. 

Losses in Cooking Meal . — Meat loses in weight whatever the method 
of cooking. This is due to the driving off of water, and it follows that a 
given weight of cooked meal holds a higher percentage of nutriment than 
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the same weight of raw meat. According to Grindley (16), the loss in 
weight amounts to J — }, whether the meat he boiled or roasted. The loss in 
the solids of the meat is greatest when it is boiled or stewed, and the longer 
it is cooked the greater the loss. The loss may reach 3-20 per cent. 

While meat which is boiled gives np most of its flavor to the water and 
becomes insipid, it loses very little of its nutriment. It is the rich taste 
of beef tea which gave rise to the fallacy that it contained the nutritious 
elements of the meat in quantity. 

Cooking Vegetables and the Losses Incurred. — Losses occur in the 
cooking of vegetables, which are comparable to, but perhaps not so im- 
portant as, those which occur in the cooking of meats by methods which 
do not retain the juices. The losses in the cooking of vegetables depend 
largely npon the method employed, and concern chiefly the sugars and 
salts which are soluble in water, though nitrogen also is lost. The losses 
to which potatoes, carrots, and cabbage, selected as types, are subject have 
been studied by Snyder (39). His experiments showed the following re- 
sults : 

1. That in order to obtain the highest food value, potatoes should 
not he peeled before cooking. 

2. When peeled, the least loss occurs if the potatoes are put directly 
into boiling water, though the loss is still considerable. 

3. When peeled and soaked in cold water before cooking, the loss 
may reach one-fourth of the protein matter. 

Similar losses may occur in the cooking of carrots and cabbage. 

Breadmaking. — Snyder and Voorhees (40) investigated the losses of 
flour in breadmaking. They affect both the nitrogen and carbohydrate. 
The loss in nitrogen may reach 1.45 per cent. The carbohydrate loss is 
caused by the fermentation which the bread undergoes in “rising” (yeast 
cells). The authors state that the losses in breadmaking need not exceed 
2 per cent, of the flour used, and may be reduced to 1.1 per cent. 

Cereal Breakfast-Foods. —The importance of cereal breakfast-foods 
has been shown especially by the investigations of Woods and Snyder (50). 
These authors found that cereals comprise 22 per cent, of the total food of 
a large number of families in this country, furnishing 31 j)er cent, of the 
jDrotein, 7 per cent, of the fat, and 55 per cent, of the total carbohydrates. 
They have separated the large number of cereal breakfast-foods which 
are on the market into three groups : 

1. Those prepared simply by grinding the grain. 

2. Those which have been steamed, or otherwise partially cooked, 
and then ground or rolled. 

3. Those which have been acted upon by malt which induces chemi- 
cal changes in the starch. 

The Ooolnnc/ of Cereals . — The proper cooking of cereals is of more 
importance than the relative proportions of nutriment they contain. While 
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definite statements cannot. be made regard in#? tlie length of time •which 
different cereals should he boiled, all of them require prolonged cooking 
They are much more likely to ho under- than over-cooked. In general, 
the more abundant and the tougher the liber the longer should the process 
of cooking he continued. For example, whole grains require more cook- 
ing than crushed grains. It ice contains but little fiber and may he thor- 
oughly cooked in a relatively short, time. 

According to Woods and Snyder, it, is difficult to know in the case 
of partially cooked breakfast-foods how much of the necessary cooking 
has been done in Ihe factory. They point, out that over-cooking is harm- 
less, and suggest that further cooking in the home is usually desirable. 

Examinations of mailed breakfast cereals carried out. at the Iowa 
Experiment Station showed that the largest amount of soluble carbo- 
hydrate present, was 13 per cent, of the total carbohydrates, the lowest, 0.35 
per cent. The average was around 5 per cent. At the Michigan Station 
it was found that the largest, proportion of the soluble carbohydrates in 
these preparations consists of dextrin. Woods and Snyder state that “the 
claims made for some brands that the carbohydrates are completely or 
largely predigested are quite unwarranted.” 


DIGESTIBILITY OF FOODS 1 

General Considerations. — The term “digestibility” may he under- 
stood to mean either the ease and rapidity with which a food is digested, 
or the completeness of its digestion. This distinction is not always made, 
however, and confusion has often arisen in the interpretation of the 
results obtained by different observers. Likewise, when the opinions of 
physicians and physiologists are not in agreement, the fact; is often over- 
looked that the conditions under which the observations are made are 
different. Physicians deal with those who are ill, physiologists with 
those who are well. The term “digestibility” is probably understood by 
most physicians to mean ease of digestion, by most physiologists com- 
pleteness of digestion. If those different points of view are borne in 
mind, discordant opinions may frequently he reconciled. 

Foods leave the stomach in the order in which they are digested and 
liquefied. The length of time they remain in the stomach has been 
taken by some authors as the measure of their digestibility. Wliile the 
length of its sojourn in the stomach may not affect the thoroughness with 
which a food is ultimately digested, it may have an important influence 
upon subsequent feedings, especially if these he given at short intervals. 
Delay in gastric digestion often produces in healthy persons unusual or 
1 In the preparation oi‘ Ihis section the author has derived much information from 
U. S. Dept, of Agriculture Bull. No. 85, and Farmers* Bulla. Nos. 85, 121, 128, 182. 
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uncomfortable' sensations referable to the stomach. In persons who are 
ill, delay of gastric digestion may not only interfere with the frequency 
of the feedings, but may cause loss of appetite, nausea, and even the 
rejection of food. 

The nutritive values of foods cannot always be measured by the 
amounts of the different foodstuffs they contain. They depend rather 
upon the extent to which these foodstuffs may be digested and absorbed. 
While it is generally believed that the greater part of most foods is 
digested and absorbed by healthy men, our knowledge of the extent to 
which they are utilized by persons who are ill is far from complete. 

A number of factors affect the digestion and utilization of foods. 
Some of the more important of them may be considered. 

The favorable influence of appetite upon digestion has been known 
so long that it is best expressed in the form of the adage, “Hunger is 
the best sauce.” It was only about twenty years ago, however, that Pav- 
lov established the j>opular belief upon a scientific basis through his dis- 
covery that the desire for food induces a reflex stimulation of gastric 
juice. Pavlov calls this secretion the “appetite” or “igniting juice.” Its 
function is to initiate the digestive process, which then proceeds more 
or less automatically through the stimulating action of the products of 
digestion upon the gastric glands. Food eaten without appetite may lie 
in the stomach unchanged for hours. Physicians have made use of this 
knowledge for many years, and have striven to arouse an appetite in 
patients when it was lacking. Another, and related, adage, “Laugh and 
grow fat,” finds application here. Meals eaten amid cheerful surround- 
ings and in pleasant company are taken with greater zest and enjoyment, 
and are more easily digested. 

The ease and completeness of digestion also depend in general upon 
the amount, of food which is eaten at a time; the greater the quantity 
the less rapidly, and probably less thoroughly, is it digested. Overeating 
is a common cause of digestive disorders. The custom of taking three 
meals a day is based upon the general experience of mankind that the 
amount of food required can he handled with less tax upon the digestive 
organs when distributed in this manner. 

Careful regulation of the quantity of food allowed at one time is of 
even more importance when persons are ill or have “weak” digestions. 
The common practice of giving small quantities of food at frequent inter- 
vals to persons with enfeebled powers of digestion is supported by the 
experiments of Pavlov, who found that if food was given to a dog in 
small quantities at intervals, the gastric juice was stronger than if 
the whole ration had been given at once. Moreover, the appetite of an 
invalid is often impaired by even the sight of large “portions” of food. 

Experiments upon healthy men have repeatedly shown that a well- 
balanced dietary is digested more thoroughly than a single food. The 
42 a 
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significance of sueh observn lions, witli respect to tlie arrangement of 
dietaries for invalids, is apparent. 

The secretion of gastric juice is intimately related to the quantity of 
water in the body (Pavlov). Water is drawn from the blood by the 
cells of the gastric glands as they elaborate the secretion. If the supply 
of water is not sufficient, the digestive juices are deficient in quantity, 
and digestion is impaired. Therefore, water should he supplied to the 
body by enemata or otherwise, as an aid to digestion, in diseases attended 
by its loss in large quantities, such as excessive vomiting, profuse diar- 
rhea, and hemorrhages. “Every food determines a certain amount of 
digestive work, and when a given dietary is long-continued, definite, and 
fixed, types of gland activity are set up which can he altered but slowly 
and with difficulty. In consequence, digestive disturbances are often 
instituted, if a change 4 ho made suddenly from one dietary regime to 
another, especially from a sparse to a rieli diet.” (Pavlov). It should be 
added that patients cannot all bo fed alike, even when suffering from 
the same disease. Prejudices and idiosyncrasies to foods arc not re- 
moved by illness, and must he recognized. Variety in food is sought in 
health and should bo permitted in disease to the extent which is com- 
patible with the patient’s well-being. 

Digestibility of Meats. — Numerous observations concerning the di- 
gestibility of meats have been made upon healthy men. Valuable data 
have also been obtained by Pavlov and his co-workers from their experi- 
ments upon dogs. Put we possess very little information respecting the 
digestibility of meats in various diseases. The conclusions drawn from 
experiments upon healthy men refer particularly to the thoroughness of 
digestion. They should not he applied without caution to persons who 
are ill, and who, on that account, may digest, meat slowly and with dif- 
ficulty. 

Probably the most important conditions affecting both the rate and 
completeness of digestion of meat are the amount of connective tissue and 
fat it contains, and the method and duration of the cooking. 

The “appetite” juice plays a less important role in the digestion of 
meat than in the digestion of eggs and bread.* This is due to the presence 
of extractives in meat, which are direct excitants of the gastric glands. 
According to Pavlov, the secretion of “meat juice” is the most rapid of 
all. Raw meat, introduced unnoticed into the stomach of a dog, excites 
secretion within 15 — 30 minutes. But if meat he freed from extractives 
by prolonged boiling, and the water he forced from it by compression, 
it lias no stimulating effect upon the gastric glands. 

The influence of the connective tissue upon the digestion of meat is 
mainly mechanical, though the mastication of tough, fibrous meat is not 
attended with pleasure. The presence of much connective tissue prevents 
free access of the digestive juices to die muscle fiber, and affects both 
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the rapidity and completeness of digestion. The practice of pounding 
meat across the cut ends lias for its object the separation of the muscle 
fibers from the connective tissue. Likewise, the prolonged cooking of 
meat converts the connective tissue into gelatin, and frees the muscle 
fibers, though they are probably rendered slightly less digestible by the 
process. 

The Influence of Fat-Conienb Upon the Digestion of Meat . — Meats 
vary in the amount of fat they contain. Dried meat may not have more 
than 3 per cent of fat, while pork may contain as much as 50 per cent. 
The presence of fat inhibits the secretion of gastric juice, and prolongs 
the stay of both protein and carbohydrate in the stomach. Therefore, 
the rapidity of the digestion of meat bears a direct relation to the amount 
of fat it contains. Eat meats, such as pork, are well known to be diffi- 
cult of digestion. 

While but little attention has been devoted to the percentages of the 
different meats which are absorbed, it is probable that meat of all kinds, 
whether raw or cooked, is very completely absorbed by healthy men — 
nearly all of the protein and about 95 per cent, of the fat. 

Our knowledge of the digestibility of meat in disease is confined 
largely to the results of clinical observation. While carefully made ob- 
servations of this kind have a definite value, it is desirable that they should 
be confirmed by experiment. Yet, one of the conspicuous features of Pav- 
lov’s work is the frequency with which he has confirmed both popular 
and clinical beliefs respecting digestion. 

In giving meat to invalids, every precaution should be taken which 
will make for rapidity of digestion. It should be served attractively 
and in not too large “portions” in order to promote the secretion of the 
“appetite” juice. If given raw, it should be finely scraped, as this sepa- 
rates the fibers from the connective tissue. Raw meat should not ho 
forced upon a patient, since it is not certain that raw meat is more 
quickly digested than slightly cooked meat. If cooked too long, the 
muscle fibers become bard, tasteless to many persons, and difficult to 
digest. Furthermore, meats which contain relatively little fat should 
he selected for invalids. 

Poultry is popularly supposed to he more easily digested than red 
meats. As no experiments contradict this belief, it may provisionally be 
accepted. If true, it is probably due to the tenderness of the fiber and 
the relatively small proportion of fat. The fatter kinds of poultry are 
less easily digested than the lean. The popular belief that the light meat 
is more digestible than the dark may he due to the higher proportion of 
fat in the dark meat, but the difference is slight. 

Attention should he directed here to the fact that the extractive-con- 
tent is essentially the same in white and red meats. In diseases where 
it is desirable to reduce the purin bodies to a minimum there is no advan- 
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{age in prohibiting red meats, if the 1 patient. is allowed to oat poultry 
at will. It is probably true, so Tar as (lit* sick arc concerned, that the 
only difference between wliilo and rod meals oonoorns ease of digestion. 

Digestibility of Pish. — The* relative digestibility of different fish ap- 
pears to be* dependent upon tlic* amount of fat they contain. Langworthy 
(2(5) has grouped the* commoner lish, from Ibis standpoint, into three 
classes: 

1. Fish containing over o per cent, of fat: Salmon, shad, herring, 
Spanish mackerel, and hntterfish. 

2. Fish containing between 2 per cent, and f> per cent, of fat: White- 
fish. mackerel, mullet, halibut, and porgy. 

b. Fish containing less than 2 per cenl. of fat: Smelt, hlack hass, 
hluefish, white perch, weakfish, brook-trout, liakc, Humidor, yellow perch, 
])ike, ])iekercl, s<*a hass, cod, haddock. 

Digestibility of Eggs. — -'Most of tin* experiments upon the digestibility 
of eggs have been made upon healthy men and lower animals. All of 
them indicate that eggs are easily ami thoroughly digested, liuhner found 
that with a diet consisting of hard-boiled eggs alone the nitrogen was 
absorbed to about the same extent as that, of meat, while the fat was 
absorbed betier than the fat of meat. Aufreeht and Simon (3) studied 
the absorption of lightly boiled and raw eggs, compared with meat, aa 
part of a mixed diet, and found that, the absorption of both the nitrogen 
and fat was greater in the egg — than in the meat — period. They con- 
eludod that lightly boiled and raw eggs have a higher food value as part 
of a mixed diet than a corresponding amount of meat. 

The method of cooking eggs appears to affect the rate rather than the 
completeness of their digestion. While Ibis lias no appreciable effect in 
health, it. may cause disorders of digestion in disease. Judged by the 
length of time they remain in the stomach, eggs are digested in the fol- 
lowing order (the most easily' digest ed are given first): — lightly cooked 
eggs, raw eggs, buttered eggs, hard-boiled eggs, omelette. Judged by the 
completeness of absorption, Aufreclil. and Simon have shown that lightly 
boiled eggs have a somewhat lower nutritive value than raw eggs. Joris- 
senne believes that if liard-hoiled eggs are thoroughly masticated they are 
digested as easily as lightly cooked eggs. Very few experiments have been 
made upon the relative digestibility of the white and the yolk of the egg. 
Stern found that raw or liult-raw yolk is readily digested. 

While it is probable that the facts regarding the digestibility of eggs 
by healthy men apply equally to those who are ill, positive statements to 
this effect cannot he made. Probably the most important factor influ- 
encing the digestibility of eggs in disease is whether they are taken with 
relish. ’White of egg eaten without appetite will lie in the stomach un- 
changed for a considerable time (Pavlov). This is due to the fact that 
the egg contains no substances like the extractives of meat which are 
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capable of exciting the flow of gastric juice. Once the flow is started, 
the products of digestion stimulate further secretion. If water be 
taken with egg-albumin it initiates the secretion (Pavlov). A similar 
result is obtained if the egg is preceded by, or given with, meat broth. 
The difference in digestibility between lightly cooked and raw eggs is so 
slight that it is not necessary to compel patients to take them raw. 
When a patient’s digestive powers are much enfeebled, eggs should not be 
buttered, but there is no objection to the addition of salt and pepper. 
Fraser found in experiments upon the artificial digestion of eggs that 
tea, coflee, and cocoa retarded digestion of the protein, though the effect 
of coffee was less marked than that of the others. 

Idiosyncrasy io Eggs . — Persons are seen occasionally who have an 
idiosyncrasy against eggs. The peculiarity is usually discovered early in 
life. The symptoms develop after eating egg even in small quantities 
and irrespective of whether it is taken alone or combined with other foods, 
as in custards. The symptoms are often severe; collapse may occur. 
Urticaria is common. 

The Digestibility of Milk. — The following account of the digestibility 
of milk is taken principally from Pavlov. There are three properties of 
milk which secure it an exceptional position. Milk, when compared with 
other foods in nitrogen equivalents, requires the weakest gastric juice and 
the smallest quantity of pancreatic fluid. Consequently, the secretory activ- 
ity necessary for its assimilation is much less than for any other food. When 
milk is introduced mechanically into the stomach of an animal, it causes 
a secretion both from the stomach glands and also from the pancreas, con- 
sequently it appears to be an independent chemical excitant of the diges- 
tive canal, and in this action there is no essential difference' whether the 
milk be introduced directly into the stomach or be given the animal to lap. 
Milk excites not only a really effective, but also a very economic secre- 
tion, and the appetite is unable to stimulate this secretion into a more 
active or abundant flow. The price which the organism pays in digestive 
work for the nitrogen of milk is much less than for other foods. 

Idiosyncrasy to Milk . — In rare instances persons exhibit an idiosyn- 
crasy against milk. Halberstadt (IT) considers this to be evidence of a 
congenital constitutional anomaly. The idiosyncrasy may be against the 
albumin, fat, or whey. In some cases the deleterious effects of milk are 
thought to be due to a change it causes in the flora of the intestine. Defi- 
nite poisoning occurs in these cases, often accompanied by inflammatory 
changes in the alimentary tract, and must be differentiated from the diges- 
tive disturbances, which, many physicians claim, are always caused by 
milk. Tugendreich (43) has described a similar poisoning under the title 
of “Buttermilk Fever.” 

Digestibility of the Carbohydrates. — The digestibility of the carbo- 
hydrates depends in general upon the relative proportions of starch (or 
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sugar) ami cellulose. The greater the amount of cellulose and the thicker 
the cell walls the less digestible is the food. The preparation of certain 
foods, such as the milling of grain, has for its object the removal of the 
greater portion of ihe cellulose. Sugars may bo regarded as partially 
digested carbohydrates. Except when taken in quantities, and in mix- 
tures, which interfere with the normal processes, they are easily digested 
and completely absorbed. Carbohydrates leave the 1 stomach quickly. 

Bread and cereals may he taken as types of the carbohydrate 
foods. 

Digestibility of Bn' ml . — Bread is generally considered to he an easily 
digested food, hut the “appetite” juice is necessary for its perfect diges- 
tion. Bread eaten without appetite may lie in the stomach for a long 
time without change. Bread is digested chiclly by the pancreatic secre- 
tion. The Indie* acid which is formed in the stomach stimulates the 
pancreas and thus aids the digestion. 

The majority of the experiments on the digestibility of broad relate 
to the completeness of its digestion by healthy men. Myor and Voit, ex- 
perimenting with different kinds of wheat and rye broad, found that the 
digestibility of broad depended chiefly upon its lightness. Studies car- 
ried out at the* Minnesota Experiment Station upon the digestibility of 
breads made from graham, whole wheat, and standard patent Hours dem- 
onstrated that bread made from standard patent. Hour was most com- 
pletely digested, whole wheat bread next, and graham least. The digesti- 
bility of crackers, macaroni, and various sweet cakes, made from white 
Hour was found at the same Station to he essentially the same as that of 
bread. 

There is a popular belief that cold broad is more easily digested than 
hot bread. This is probably true but it is due to the physical condition 
of the bread and not to the. heat. Hot bread is moist, and, if not soggy 
before being eaten, is compressed into tough masses during mastication, 
and thereby rendered less cattily digestible. If properly made, cold or 
stale bread contains less moisture and is not open to the same objection. 

As far as is known the above facts are applicable in disease. Du Bois 
found that bread and crackers are easily and completely digested by 
typhoid fever patients. 

When bread and similar foods are oaten by persons who have little or 
no appetite, they should he combined with substances which have a local 
stimulating action upon the gastric glands. Water is sufficient for the 
purpose, but meat broth is often to be preferred. 

Digestibility of Cereal Breakfast Foods . — The digestibility of cereal 
breakfast foods has been investigated at the Connecticut, Maine, and Min- 
nesota Experiment Stations. The results showed that in healthy men the 
cereal breakfast foods in genera] are somewhat less digestible than white 
bread. It was found at the Michigan Experiment Station that the greater 
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part of the soluble carbohydrates in the so-called predigested breakfast 
foods consists of dextrin. 

Digestibility of Fat. — Fat illustrates especially well the distinction 
which must be made between ease and completeness of digestion. All 
healthy persons consume daily larger or smaller quantities of fat in the 
form of butter, cream, or the native fats contained in other foods. But 
an excess of fat over the usual quantity or a change in its form is dis- 
tasteful to many persons, difficult to digest (as regards the stomach diges- 
tion), and may produce nausea. Nevertheless, if it is tolerated by the 
stomach, only a small portion of the fat ingested escapes absorption in 
health. 

Fat is not digested in the stomach, but may have an important in- 
fluence on gastric digestion. Fat exerts an inhibitory action upon both 
the psychic or “appetite” and local gastric juices, and delays the pas- 
sage of the chyme into the duodenum (Pavlov). The inhibitory action of 
fat affects especially the digestion of protein, and explains the well-known 
fact that fatty protein foods are difficult to digest, whether the fat be 
native to the food or be added to it in the process of cooking. On the 
other hand, the addition of fat to starchy foods, for example, bread and 
butter, is customary, and, according to Pavlov, rational. Bread requires 
little gastric juice for its digestion; the fat restrains the activity of the 
gastric glands, while at the same time it promotes the secretion of pan- 
creatic juice, which is needed for the digestion of the starch, the partially 
digested protein, and the fat itself. Though an excess of fat in a mixed 
meal may cause disturbances of digestion, fat alone, even when taken in 
relatively large quantities, is not difficult to digest. 

Large amounts of fat may cause regurgitation of the duodenal con- 
tents into the stomach. This fact has been observed both experimentally 
and clinically (Bassler, 5). 

Ordinarily, fat is well absorbed in health. Its absorption appears to 
be related in a measure to its melting-point. Butter, with a melting point 
of 37° O., is more completely absorbed than mutton-fat, with a melting- 
point of 52° C. When the food contains 80-100 grams of fat, only 4-6 
per cent, is lost normally in the feces. 

The absorption of fat varies greatly, however, in disease. According 
to Umber (44), 45 per cent, of ingested fat may be lost in the feces when 
the bile dnct is occluded. In disease of the pancreas the loss may reach 75 
per cent. On the other hand, the absorption of fat in typhoid fever is 
often remarkable. Some of my patients, studied by Du Bois, when taking 
250 grams of fat a day in the form of cream and butter, lost an average 
of 7.2 per cent, in the feces ; in the steep-curve period and in convalescence, 
while taking similar amounts, they lost 4.5 per cent. 

Length of Time Food Remains in Stomach. — The length of time 
which a food remains in the stomach hag often been accepted as the meas- 
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uro of its digestibility, but is probably only an indication of tlie ease of its 
digestion. 

Tho length of time which certain foods remain in the stomach is 
shown in the following table of experiments by Penzoldt (34) : 


Grams 

100-200 

220 

200 

200 

200 

200 

200 

100-200 

200 

200 

100 


1 — 2 HOURS 

Water. 

. . “Charged” water. 

] Without 

<( ( admixture. 

I leer. 

Light wine. 

1 Soiled milk. 

Meat broth. 

Peptone in water. 

Soft-boiled egg. 


2 — 3 nouns 


200 Cofl’oc wit li cream. 

200 (Won with milk. 

200 Malaga wine. 

300-500 Water. 

300—500 Beer. 

300—500 . Boiled milk. 

100 Raw, scrambled, liard-boiled 

egg and omelette. 

250 Calf’s brain, boiled. 

12 Raw ny slers. 

200 Boiled carp. 

200 Boiled pike. 

200 Boiled haddock. 

200 Dried codfish. 

150 Boiled cauliflower. 

150 Cauliflower salad. 

150 Boiled asparagus. 

150 Potato. 

150 Potato soup. 

150 Cherry preserves. 

150 Raw cherries. 

70 White bread, fresh or old, 

dry or with tea. 

70 Cracknel. 

50 Albert biscuits. 
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3 4: HOURS 


Grams 

230 Boiled young fowl. 

230 Boast partridge. 

220—260 Boiled pigeon. 

195 Boast partridge. 

250 Beef, raw or cooked. 

250 Boiled calf’s foot. 

160 Ham, raw or cooked. 

100 Boast veal, warm or cold. 

100 Broiled beeksteak, cold 

or warm. 

100 Scraped raw beefsteak. 

100 Tenderloin. 

200 Bbeinsalmon, boiled. 

72 Caviar. 

150 Bye bread. 

150 Graham bread. 

100—150 Albert biscuit. 

150 i Boiled rice. 

150 Boiled cabbage. 

150 Boiled carrot. 

150 Spinach. 

150 Baw radish. 

150 Apple. 


4 — 5 HOURS 


210 Boast pigeon. 

250 Broiled filet of beef. 

250 Broiled steak. 

250 Smoked tongue. 

100 Smoked meat. 

250 Boast hare. 

240 Boast partridge. 

250 Boast goose. 

250 Boast duck. 

200 Salt herring. 

150 Lentil soup. 

200 Pea soup. 
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COEFFICIENTS OP DlUESTIBILITY (ABSORBABILITY) IN DIFFERENT G ROUPS OP FOOD 

Materials 1 


Kind of Foot! 

Protein 

Fat 

Carbo- 

hydrates 


% 

% 

% 

Meats and fish 

07.0 

05 0 


Eggs 

07 0 

05 0 


Dairy products 

07.0 

05.0 

98 0 

Animal food (of mixed diet) 

07 0 

05.0 

08 0 

Cereals 

85.0 

00.0 

98 0 

Legumes (dried) 

7S.0 

90 0 

97.0 

Sugiu-s'. 



98.0 

Starches 



98.0 

Vegetables 

83 0 

00 0 

95 0 

Fruits 

85.0 

00 0 

90.0 

Vegetable foods (of mixed diet) 

84.0 

00.0 

97.0 

Total food (of mixed diet) 

02.0 

05.0 

97.0 


THE EFFECTS OF STARVATION 

It will bo necessary to distinguish between tbo effects of complete and 
of partial deprivation of food. Starvation is complete when a person 
receives no food and tin* energy necessary for tlio continuance of life is 
derived from bis own body. Partial starvation occurs when a person 
receives only a portion of the food lie requires. Under such circumstances 
the tissues of the body are drawn upon for only part of the necessary 
energy. In actual practice, however, the physician must take into con- 
sideration the possible disturbanees of metabolism produced by the disease 
from which the patient is suffering, and which also may he a cause of 
the starvation. 

The Effects of Complete Starvation. — Complete abstinence from 
food for short, periods is not — or, at least, is not likely to be — harmful in 
the case of adults. Nature provides for sueh emergencies l>y accumulating 
reserves of glycogen aud fat. Young children, on the other hand, do not 
bear starvation well, even for short periods. The reserve supply of gly- 
cogen is relatively small, and is soon exhausted. After its exhaustion, the 
body derives all of its energy from protein and fat. Fat, which is of 
lesser importance, is sacrificed in favor of protein. The heavy demand 
made upon the fat results in its incomplete) combustion anil the occurrence 
of acidosis with acetone bodies in the blood aud urine. 

The expenditure of energy by the body remains normal for the first 
day or two of complete starvation. Buhner reckons it at 30 — 32 calories 
per kilogram of body weight. When the subject is at absolute rest , how- 
ever, the heat production may fall to 22 — 2(i calories per kilogram (At- 
water, Tigeratedt., Magnus-Lcvy). These figures represent the minimal 

1 From U. S. Dept, of Agriculture Farmers’ Bulletin No. 142, 
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metabolism compatible with life, and cannot be applied in practice, 
because patients are rarely or never at complete rest, unless they are 
asleep or in coma. 

Loss of weight is characteristic of starvation. It is due to the con- 
sumption of the body tissues and to the elimination of water and salts. 
As the weight diminishes, the expenditure of energy falls, the fall, accord- 
ing to Rubner (36), corresponding to the loss in weight. The body tem- 
perature remains practically constant. The urine is diminished in 
amount. The loss of nitrogen is large for the first day or so, after which 
it remains fairly constant (10 — 13 grams) for a week or ten days. Ma- 
terial divergence from these figures indicates the influence of disease. 

Benedict (6) has shown that recovery from starvation is rapid in 
health and may be followed by an actual gain in weight. Fasting for 
short periods appears to stimulate the body to increase its store of fat. 
This is regarded by Benedict to be a protective mechanism. 

The Effects of Partial Starvation. — Partial starvation may occur 
through force of circumstances, such as poverty, or as the result of disease. 
In the latter case it is not always easy to distinguish between the influence 
of insufficient food and that of the disease. From the medical standpoint 
partial starvation probably occurs with greatest frequency in prolonged 
febrile and in malignant diseases. 

The body is capable of regulating its expenditure of energy to some 
extent. When the food supply is insufficient the production of energy falls 
correspondingly. But Von Noordcn (46) believes that the minimal 
amount of energy required by persons who are bedridden, or who remain 
indoors and do but little work amounts to 30 — 32 calories per kilogram. 
Their diets should be arranged upon this basis. Persons who are under- 
fed economize their protein at the expense of the less important fat. The 
longer the deprivation of food continues the smaller the relative amount 
of protein consumed. 

It should be added that persons who are undernourished are less able 
to resist invasion by bacteria and to combat infection. 


THE EFFECTS OF OVERFEEDING 

A person is overfed when he takes and absorbs more food than is 
required for his energy exchanges.’ If an excess of food is not digested 
and absorbed, it is likely to cause alimentary disturbances. 

The effects of overfeeding may be either physiological or pathological, 
that is, the general condition of the person may he improved, or various 
disturbances of function may he brought about. We are concerned here 
chiefly with the physiological effects of overfeeding. 

A person who is overfed gains in weight, largely through the deposi- 
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tion of fat - , though there* may he. a coincident retention of nitrogen. Tat' 
is a relatively inactive tissue* From the metabolic standpoint. The accumu- 
lation of fat adds to the reserves, lmt. does not increase the power of the 
body. Improvement in tone, if not growth, of muscle is necessary to 
bring tlie body into a state of vigorous health. This depends to a great 
extent npon proper exercise, and should he home in mind when one is 
employing the overfeeding cure. 

The objects to he sought in overfeeding may he either tlio accumula- 
tion of fat, or improvement, in the condition of the muscles, or both. In 
arranging the diet, the effects of the different foodstuffs must he taken 
into consideration. Eat is the best, food for simple fattening purposes, 
because foreign fats are deposited in the body without change and with 
the expenditure of very little energy. Oarbohvdrate ranks next to fat in 
value, ft lms been estimated that one-fourth of the potential energy of 
carbohydrate is lost before it is deposited as fat. Protein is least valuable 
because of the increase it. causes in metabolism and because it cannot add 
materially to the store of fat. Therefore, an increase in protein alone is 
irrational in overfeeding cures. You Nonrden (4(>) advises specifically 
against the employment, of proprietary protein foods for such purposes. 
Even in convalescence from infective diseases an increase of protein does 
not materially affect, the retention of nitrogen. 

While the experiments of both Krug (:D) and Dapper (14) indicate 
that an increase in the carbohydrate ration and a relatively greater in- 
crease of fat arc accompanied hv a retention of nitrogen in lower animals, 
this fact has not yet been established for man except in typhoid fever. 
Typhoid fever patients may retain nitrogen during the course of the 
disease and in convalescence when the diet furnishes an excess of both 
carbohydrate and fat (Slialfcr and Coleman, ihS). 

General clinical experience appears to indicate that the most suitable 
diet for an overfeeding cure is rich in both fat and carbohydrate. The 
Yoit or Atwater standard should he followed in determining the amount 
>f protein. In all cases Hie total energy requirement of the patient should 
)c calculated and the diet arranged to furnish more energy than the eal- 
‘ulation calls for. 

While the pathological effects of overfeeding cannot he considered at 
ength, attention should be called to the fact that injudicious overfeeding 
lay cause pathological obesity. 

METHODS OF ARTIFICIAL FEEDING 

When for any reason patients cannot or will not take food by mouth, 
Eer methods of nourishing them must he employed. 

Rectal Feeding. — Rectal feedhig may be resorted to when swallow- 
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ing id difficult or impossible as in eases of tumor or stricture of the throat 
or esophagus; when the muscles of deglutition are paralyzed; in cases of 
ulcer or tumor of the stomach ; and in cases of uncontrollable vomiting. 
When for any reason patients are incapable of taking all of the food they 
require by mouth, additional food may he given for brief periods per 
rectum. 

The nutritive value of nutrient enemata lias, according to recent in- 
vestigations, been greatly overestimated, and the physician should keep 
clearly in mind the fact, when employing this method of alimentation, 
that the patient is receiving only a portion of the food he requires. Pa- 
tients have subsisted upon nutrient enemata for several weeks, hut it has 
been largely at the expense of the body tissues. The gains in weight 
which have occurred, especially after severe hemorrhages, have been shown 
to he due to retention of water. Probably the greatest quantity of food 
which a patient is capable of absorbing by rectum reaches only 1/4 — 1/3 
of the total daily requirement, even when at rest in bed. Boyd (7) calls 
attention particularly to the fact that the amount of food absorbed depends 
upon the patient’s capacity for absorption, and not upon the quantity of 
food injected. Therefore, it is not always desirable to give large enemata : 
the unused portion is likely to decompose and cause irritation. 

Nutrient enemata do not enter the ileum, and such absorption as occurs 
must be from the colon. Nor do nutrient enemata cause a reflex secretion 
of gastric juice (Pavlov). 

The different foodstuffs are not absorbed with equal facility by the 
colon. All of the available evidence indicates that protein is poorly ab- 
sorbed. Brown (8) compared the nitrogen output in the urine from saline 
and nutrient enemata, and observed not only that the curves were similar, 
but that they were comparable to the nitrogen excretion of healthy fasting 
men. When the same amount of food was given by mouth the nitrogen 
of the urine rose at once. Therefore, since hut little protein is absorbed, 
and since proteins are readily decomposed by the intestinal flora, giving 
rise to substances which may irritate the bowel, it appears to be undesir- 
able to give nutrient enemata containing protein even in its partially 
digested forms. 

There is a difference of opinion regarding the absorption of fat. 
Brown was unable to prove the absorption of emulsified and pancreatized 
fats when given by rectum to a patient suffering from chyluria, though 
when fat was taken by mouth the amount in the urine was promptly in- 
creased. Boyd, on the other hand, has shown that fat may he absorbed, 
though he calls attention to the wide differences in the absorptive power 
of different individuals. Boyd recommends yolk of egg and emulsified 
olive oil as suitable fats for nutrient enemata. Cream has also been used. 

Dextrose is readily absorbed by the large intestine, and is probably 
the best form in which to give carbohydrate. Dextrin has also been 
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recommended. Brugseli (0) states that dexfrinized or malted starch 
is less irritating Ilian the sugars, aud may bo employed instead of 
them. Brown was able to raise the respiratory quotient by the use of 
dextrose and to cause the diminution or disappearance of acidosis. Dex- 
trose may irritate the bowel aud cause cramp-like pains when given in 
concentration greater than 10 per cent. T have found it necessary at times 
1o reduce the strength of the solution to 7 per cent, and even to 5 per cent. 
If sugar is absorbed by the inferior hemorrhoidal veins, it enters the gen- 
eral circulation without passing through the liver, and may cause 
glycosu ria. 

Salts and water are readily absorbed by the colon, and there is little- 
doubt that much of the beneiit which has been ascribed to nutrient 
puemnta was attributable to these substances. Alcohol, likewise, is readily 
absorbed, and is often added in small quantifies to encmatu. 


’ multv for Nutrient Enematn . — 

(Glories. 

Doxi rose, 

20— d0 grams 

80-120 

Water, 

200-000 e. <;. 


Dextrose, 

20-80 grams 

80-120 

Wine (white or red), 

1 5— d0 c. c. 

10-20 

Water, 

200—800 c. c. 


Boas recommends: 

■Milk, 

250 c. c. 

175 

Yolk of egg, 

2 

100 

Salt, 

A pinch. 


Wine, 

1 5 c. c. 

10 

Flour, 

15 grams 

50 

My or recommends : 

Cream, 

250 c. c. 

500 

Peptone, 

25 grams 

« 

Pancreatin, 

5 grains 



Method of Giving Nutrient Enemnla . — A cleansing enema of normal 
salt solution (0.0 per cent.) should be given every morning out* hour before 
the nutrient enema, Home authors recommend a cleansing enema before 
each nutrient enema, but unless flic nutrient enema contains foods which 
are not readily absorbed this procedure scarcely seems necessary, and may 
increase the irritability of the colon. The patient should he placed either 
upon the left side or the back with the hips elevated on a pillow. The ap- 
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pnratus may consist of a medium-size funnel inserted into the end of a 
small rectal tube or large catheter, or an inverted thermos bottle con- 
nected with the rectal tube or catheter by means of rubber tubing. A 
small metal tube passed through the stopper and reaching to the bottom 
of the bottle permits the entrance of air and the flow of its contents. A 
bulb-syringe is not suitable because of the difficulty of controlling the pres- 
sure, and the likelihood of injecting air. The funnel-apparatus is per- 
haps more convenient for thicker enemata; the bottle, for the sugar solu- 
tions. The rectal tube should be oiled, freed of air by allowing the enema 
to fill it, and introduced well into the intestine. 

The size of nutrient enemata varies from six to ten ounces (300- 
300 c. c.) ; the larger the enema the less frequent the need of repe- 
tition. They should be given at temperatures of 95° to 100° F. Nutrient 
enemata should always be injected slowly. The flow may be regulated 
by raising or lowering the container. The sugar solutions are often given 
drop by drop, after the Murphy method. It is rarely advisable to give 
more than three enemata a day. 

The patient should be instructed to remain quiet afterward and to 
resist expulsion of the enema. Pressure upon the perineum with a folded 
towel hy the attendant will often enable a patient to retain it when other- 
wise it would be rejected. When the colon becomes irritated, 10 to 20 
drops of laudanum may be added to the enema. 

Gavage. — The term “gavage” designates forced feeding through an 
esophageal tube. The tube may be passed through the mouth or the nose. 
Gavage is especially indicated in the case of hysterical or psychopathic 
patients who refuse food. It has also been employed in stricture of the 
esophagus, whether spasmodic or organic, in paralysis of the muscles of 
deglutition, and in comas. The practice of gavage is not unattended by 
danger, since the tube may enter the larynx, especially when the patient 
is unconscious, and cause pneumonia. Food should not he administered 
in such cases oftener than once or twice a day. In the case of persons 
who are conscious, food may he given three times a day. 

Only liquid foods are suitable for gavage. The “meal” should he 
made up (as to bulk and energy value) according to the frequency with 
which it is to he repeated, and should he warmed to about the body tem- 
perature. Milk, cream, eggs, and sugars are best adapted to the method, 
and may he employed in the following or similar mixtures : 


Calories. 

Milk 1 pint (500 c. c.) 350 

Cream 1 pint (500 e. c.) 1,000 


Laqtose or cane-sugar. .50 grams 200 

1,550 
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Calories. 

Milk 1 pint (500 c. «.) 350 

Cream \U pint (250 c. c.) 500 

Eggs 2 160 


1,010 

Subcutaneous Feeding — Fu/s. — Lonbe (21) first- suggested the sub- 
cutaneous administration of oils ami fats as a means of supplying the 
body with nutriment. Mills (01 ) lias recently made an extended study of 
tlie method in Lusk’s laboratory, and tlie following statements are based 
upon his results. 

Fats which are similar in composition to that of the body are most 
readily absorbed. Emulsions are absorbed better than plain oils. The best 
emulsion is made with 8 — f> per mil. of egg-lecithin and sterile water. The 
site of the injection should be sterilized with tincture of iodin and should 
be massaged gently nflenvavd. (’art* should be laken to avoid entering 
a vein, as cerebral or pulmonary fat embolism would result. If the 
emulsion is injected slowly into the subcutaneous tissues, (50 grains of oil 
may be given at one time without causing discomfort. Mills has proved 
that fats introduced subcutaneously may be burned directly, thus sparing 
the body fat, may be retained in the body in their own form, or may be 
reconstructed into body fat. 

The subcutaneous administration of fat should not be employed unless 
the patient, is capable of taking food by mouth. While the method holds 
promise of being useful, it has not been perfected sufficiently to permit 
of its recommendation for general purposes. 

Protein and Pi((/ai \ — While numerous attempts have been made to 
administer proteins and sugar subcutaneously, Ihe methods hilherto em- 
ployed have not. proved practical. Native protein solutions are difficult 
to sterilize: proteoses and peptones are toxic. Solutions of glucose cause 
pain, and may cause necrosis, when given in greater concentration than 
f> per cent. The weaker solutions supply so little nourishment that the 
drawbacks to Ihe method outweigh its advantages. 


THE SALT-POOR DIET 

The diet of civilized man contains ordinarily from 10 to 15 grains 
of common salt. This amount is readily excreted by normal kidneys in 
24 hours. In some cases of nephritis, however, especially those of the 
parenchymatous type, the kidneys are unable to excrete more than 2 or 3 
grams, or even less, of salt a day. The salt which is retained passes into 
the tissue fluids and causes, or increases an existing, edema. The in- 
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ability of the kidneys to excrete salt sometimes runs parallel with an in- 
ability to excrete water. 

The excretory power of the kidneys for salt may be tested by a diet 
of 3 liters of milk (this contains 5 grams sodium chlorid and 100 grams 
protein) or by Strauss 5 (42) diet, consisting of % liter of milk, 4 eggs, 
150 grams of bread, and enough fruit, fruit juice, tea, and sugar to make 
it palatable. Strauss 5 diet contains about 3 grams of salt. If the kidneys 
are able to excrete the amount of salt contained in these diets, salt may 
be added to either of them in quantities of 5 to 10 grams. When the 
kidneys are unable to eliminate the normal quantity of salt, some form 
of salt-poor diet may be advised, but it should be stated that the salt-poor 
diet has not entirely fulfilled the promises held out for it. 

A salt-free diet is a practical impossibility unless one follows von 
Noorden’s plan of giving 200 grams of lactose only. The salt-poor diets 
have been grouped under three headings: 

The strict salt-poor diet of Widal (49) (containing 1.5 to 2.5 grams 
of salt) consists of salt-free bread 200 grams, meat 200 grams, vegetables 
250 grams, butter 50 grams, and sugar 40 grams. This diet contains 60 
grams of protein, and furnishes 1,500 calories, which is nearly sufficient 
energy for the average patient resting quietly in bed. 

The medium strict diet contains from 2.5 to 5 grams of salt. The 
milk diet (3 liters) belongs here. The food should be cooked without 
the addition of salt, but the patient should be allowed to use 2 to 3 grams 
of salt a day at the table. 

The moderate salt-poor diet (5 to 10 grams) allows considerable lati- 
tude. It is not necessary to prepare special dishes, but the cook should be 
instructed to use salt sparingly. Salted foods, such as bacon and ham, 
should he prohibited. This diet furnishes only a rough control of the 
salt intake. 

In administering a salt-poor diet, it is important that the energy 
value of the food should not be permitted to fall below, nor to greatly 
exceed, the daily requirement of the patient. 

In addition to its employment, in nephritis, the salt-poor diet has been 
recommended for the edema of chronic cardiac valvular disease, for the 
ascites of cirrhosis of the liver, pleurisy with effusion, arterial sclerosis, 
and diabetes insipidus. 
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Salt Content op Foods 1 
According to Leva {25) 


GIG 


Sodium' ‘Chloi id 
in ltaw Material 


MEATS 


MEAT EXTRACTS 


Sodium Chlorid 
in Raw Material 


Mutton 

Veal 

Calf’s brain 
Calf’s kidney. 
Calf’s liver. 
Beef (lean) . . . 
Pork (lean).. . 


0.17 
0 13 
0 20 
0 32 
0.14 
0.11 
0.10 


Trout. . 
Halibut. 


Hewing. . 
Cod... . 
Carp . . . 
Salmon . . 
Mackerel, 
Haddock. 


0 12 
0 30 
0.27 
0.10 
O.OSG 
0.061 
0 . 2S 
0.39 


POULTRY 


Duck. . 
Goose. . 
Chicken. 
Pigeon. . 
Turkey . 


0.14 

0.20 

0.14 

0.15 

0.17 


Venison 

Oyster (washed) 

Oyster (with sea water).. . . 


0.11 

0.52 

1.14 


SMOKED AND SALTED POODS 


Ham (raw) 

Ham (boiled) 

Salmon (smoked) 

Bacon (smoked, German) . . 
Bacon (smoked, American). 

Corned beef, German 

Corned beef, American .... 

Cod (salt)* 

Cod (salt, boneless)* 

Herring (smoked)* ...... 

Mackerel (salt, dressed) .... 

Salmon (smoked, salted). . . 
Sardines (French, in oil) . . . 

Cod-liver oil 

Gelatin (dry) 

Beef marrow 

Sausages, Frankfurter 

Sausages, various kinds . . . 
Anchovy paste (Cross & 
Blackwell) 


4 . 15 — 5.86 
1 . 85 — 5.35 
7.50 
3.01 
11.61 
2.04 
11 52 

23.00 

19.00 
11.70 
10.40 
10 87 

1.34 
0.17 
0.75 
0 11 
2 20 

2 90 — S.10 
40 1 


Liebig’s 

Ivemmerieh 

Various bouillon capsules, 
extracts, etc 


2.60 

1.40 

9 40 — 22.0 


PREPARED POODS 


Plasmon 

Roborafc 

Sanatogcn 

Somatoso 

Bovril’s preparations . . 
Valentine’s Meat Juice. 
Egg (white and yollc). . 

Egg (white alone) 

Egg (yolk alone) 

Caviar 

Milk (whole) 

Cream 

Buttermilk 

Whey 

Conuonsod Milk 

Butter (uncalled) 

Butter (salted) 

Peanut butter* 

Oleomargarine 

Palmin 

Fructin 


0.21 

0.0051 

0.42 

0.66 

0 26—14 1 
0.0S— 1 20 
0.21 
0.31 
0.039 
3.00 
0.16 
0.13 
0.16 

0 11 — 0.15 

0.40 

0 . 02 — 0.21 

1 00—3 00 

4.10 

2.15 

0.0016 

0.10 


CHEESE 


Parmesan 

Swiss 

American, pale* 

Pineapple cheese 

Edam 

English cream cheese, 


1.93 

2.00 

0.82 

2.13 

3.30 

0 . 70 — 1.15 


INFANT’S FOODS 

Nestles Food 

Rademan's 

Robinson’s Patent Groats. . 


0.29 
0 03 
Trace 


BREAD, ETC. 

Graham bread 

Pumpernickel 

Whit e bread 0 . 

Zwieback 

Macaroni 


0.61 

0.46 

18 — 0.70 

0.38 

0.067 


1 Analyses marked thus * from Atwater and Bryant (2). 
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Sodium CUorid 
m Raw Material 


Sodium Chlorid 
in Raw Material 


CEREALS, ETC 

Barley. : 

Oats 

Rye 

Wheat 

Rice 

Corn (maize) 

Wheat flour 

Oatmeal (American). 
Oatmeal (German) . . 

Quaker Oats 

Sag o 


FRUITS — Continued 


VEGETABLES 


Potatoes. . 


Beans . 

Peas 

Lentils 

Lentils (dried) . . . 

Artichokes 

Cauliflower 

Cucumber (fresh) 

Horse-radish 

Radish 

Celery, stalks. . . . 
Celery, roots .... 

Asparagus 

Spinach 

Tomatoes 

Cabbage 

Onions. 


CANNED VEGETABLES 

Green com* 

Green peas* 

Tomatoes* 

Mushrooms 

FRUITS 

Pineapple 

Orange 

Apricot 

Lemon 

Strawberry 

Chestnuts 

Cherry 

Cocoanut juice 

Olives 

Plum 

Gooseberry. . . 

Watermelon juice 


0.037 
0 046 
0 014 
0 013 
0 039 
0.019 

0 . 002—0 008 
0.29 
0.28 
0 082 
0 39 


0 016 — 0.078 
0.058 
0.09 
0.058 

0 . 13 — 0.19 

0.155 

0.036 

0 . 05 — 0.15 
0 . 06 — 0.08 
0 02 — 0.06 
0.075 

0 . 25—0 49 
0.089 
0 . 04 — 0.06 
0 . 084—0 21 
0 094 
0 . 11 — 0.44 
0 . 016 — 0.09 


0.40 

0.70 

0.10 

0 . 04 — 0.06 


i 0 071 

0 . 0057—0 0550 
0 0047 
0.0045 
0 0100 — 0.020 
0 . 0045—0 010 
0.013 
0.035 

0 . 008 — 0.210 
0 0046 
0.021 
0.011 


Grape 

Almonds, dry 

Walnuts, dry. . . 

Cane sugar 

Lump sugar. . . 
Chocolate (Lindt). 


Capers (preserved in salt) _ , 
Capers (preserved in vine-) 

gar) 

Pepper, black 

Pepper, white 

Mustard 

Vanilla 

Cinnamon 

Cocoa beans 

Coffee (roasted) 

Tea 


0.024 
0 010 
0 019 
0.110 
0 049 
0.073 


2 10 


Ground water 

Spring water 

Beer (German) 

Beer (English) 

Champagne (MoSt & Chan- 

Apollinaris 

Fachinger 

Giesshubel (Mattoni) 

Vichy 


0.20 
0.51 
0.019 
2.66 
0 055 
0.061 

0 . 05—0 095 
0.045 
0.15 


0 0012 — 0.0060 
JO . 00055-0 0046 
0.0017 
0.016 
0.10 

0.0045 
0.043 
0.039 
0.0021 
0.053 


FOODS PREPARED FOR TABLE 


Bouillon 

Thick soups 

Roast, beef 

Roast pork 

Chops 

Roast chicken 

Sauces 

Scrambled eggs (salted).. . . 

Spinach 

Carrots 

Cauliflower 

Green salad 

Apple sauce 

Stewed pears 

Tapioca pudding (unsalted) ' 
Macaroni (k la Napoli-| 

taine) 

Rice with apples 


5 


. 5 — 1 .0 
0 54 
0 98 
1.54 

0 97 
0.39 

1 . 7—1 

1 10 
0.91 
0.46 

0 49 
0.41 
0.031 
0.019 
0.026 

1 04 
0.18 
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THE PTJRIN-FREE DIET 

Purin bodies preexist in the food and are formed within the body. 
The former are designated exogenous, the latter endogenous purins. Both 
animal and vegetable foods contain purins. Those of greatest interest to 
the physician are giunim, adenin, hypoxanthin, xuulhin, uric aeid, caffeiu 
(tliein), and llieobromin. The ingestion of exogenous purins raises the 
purin-cniitont of tlie urine, and in proportion to the amount taken, hut 
less is excreted than is ingested. The excretion of endogenous purins is 
essentially constant for each individual. 

The use of the purin-free diet is based upon the theory that gout and 
some other disorders are dependent upon the retention of uric acid in 
the body. The diet lias also been employed in diseases of the kidney, for 
some headaches, and “bilions attacks.” Proof is lacking, however, that 
the diet possesses definite value. 


Purin Content op Foods (Reckoned as Uric Acid) 


According io Schmid and Iirssau (07), Walker II all (IS), and Hesse (19) 


100 Gxns. Contain 


Beef 

Mutton 

Pork 

Teal 

Ham (raw) 

Tongue (calf) 

Brain (pig) 

Liver (beef) 

Kidney 

Thymus (calf) 

Pigeon 

Goose 

Venison 

Bouillon 

Meat Extract 

Trout 

Shellfish 

Cod 

Salmon 

Carp 

Herring 

Sardines in oil 


Uric Acid Gins. 

100 Gins. Contain 

Uric Acid Gins. 

0. 1U— 0.180 

Anehovy 

0.465 

0.07S-— 0.101 


0.087—0.217 

0 066 

0 128 — 0 . 185 


0 114—0.180 


0.110 

0.024 

0.072 — 0.180 

Cauliflower 

0.1(55 


0.072 

0.084 — 0.288 
0.270—0.872 

Celery 

0.015 

0 024—0.057 

0,240—0.820 

String beans. 

0.006 

0 990 — 1.808 


0.006 

0.015—0.019 

0.087—0.18(5 

Mushrooms 

0.174—0.154 

Peas 

0 054—0,079 

0.090 

Lentils 

0.075—0.162 

0.117—0.182 

Beans 

0.051—0.098 

0.045—0.151 

On.f.mpnl 

0.064 

2.000—5.000 

0.213 

0.117 

0.067—0.131 

0.072—0.201 

0.162 

0.207 

0.354 

The following foods contain no purins: 
Bread Beets 

Cereals Onions 

Fruits Port 

Eggs Sherry 

Milk Bordeaux 

Cheese 
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Purin Content of Beverages 
According to Walker Hall (18) and LabbS (22) 


100 Gms. Contain 

Purin Bodies 
Reckoned as 
Urio Acid in 
Grams 

Chiefly Methyl- 
purins 



Coffee (roasted) 

Tea 

Chocolate 

1 24 

1.35—3.58 

1.43 

1.30 

0 016 

1 Cup tea (Ceylon) contains 
1 Cup tea (Indian) " 

1 Cup tea (Chinese) “ 

1 Cup coffee “ 

1 Cup chocolate “ 

1 Cup cocoa (10 gms.) “ 

0 0805 

0 0700 

0.025—0.046 

0.110—0.250 

0 268—0 572 
0.130 

Cocoa 

Beer 


Purin Nitrogen Content in Per Cent. 
From Vogel (48) 



Purin N. 


Purin N. 

Beef* j 

0.059 


0.030 


0.099 


0.0004 


0.398 


0.001 

Cod* 

0.040 

Spinach* 

0.022 

Wheat meal 

0 001 

Milk 

0.0002 

White bread 

0,008 

Swiss cheese 

0 0004 

White hread* 

0.005 

Egg 

0.0 

Hominy 

0.004 

Tomatoes* 

0.0 






THE INVALID’S DIETARY 

Oatmeal Gruel (plain) (from Food ). — Two tablespoonfuls of granu- 
lated oatmeal (45 grams, 184 calories), one saltspoonful of salt, one scant 
teaspoonful of sugar (8 grams, 33 calories), one cupful of boiling water, 
one cupful of milk (300 grams, 216 calories). Mix the oatmeal, salt and 
sugar together, and pour on the boiling water. Cook for thirty minutes ; 
then strain through a fine wire strainer to remove the hulls, place again on 
the stove, add the milk, and heat just to the boiling point. Serve hot. 

This gruel furnishes 425 calories . 

Barley Water (Cautley). — (1) Thin. Put a teaspoonful of pre- 
pared or pearl barley, previously washed in cold water, into a jug, pour 
half a pint of boiling water on it, and add a pinch of salt. Stand it by 
the fire for an hour, stirring occasionally, and then strain through fine 
muslin. 

Similar thin cereal decoctions may be made from rice, arrowroot, or 
oatmeal. 


#Foods bought in America. 
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(2) Thick. Put a lieu pud tablespoonfnl of washed, prepared, or 
pearl barley into a clean sauce-pan and add a quart of water and a 
pinch of salt. Boil slowly until it. lias evaporated down to about two- 
thirds of a quart ami strain. It may be flavored as desired. The addi- 
tion of a little lemon peel, while boiling, is best. 

The composition of barley water is: 

0.00 per cent, protein 

0.05 per cent, fat 

1.0 per cent, carbohydrate 

It furnishes lk calories to 100 c. c. 

Toast Water (Cautley). — Pour a pint of boiling water over two or 
three slices of well-toasted bread. Let it stand until cool ; strain. 

The calory value of this preparation is negligible. 

Chicken Broth (Bartholow). — Skin and chop fine a small chicken 
or half of a large fowl, and boil it, hones and all, witb a blade 
of mace, a sprig of parsley, and a crust of bread, in a quart of water for 
an hour, skimming if from lime to time. Strain through a coarse 
colander. 

The composition of chicken broth is : 

84 per cent, water 
10.5 per emit, protein 
0.8 per cent, fat 
2.4 per cent, carbohydrate 

It fumrishes 5G calories to J00 c. c. 

Chicken Jelly (Adams). — (Mean a fowl that is about a year old, re- 
move skin and fat; chop bones and flesh fine, place in a pan with two 
piarts of water ; heat slowly; skim thoroughly; simmer five 1o six hours; 
idd salt, mace, or parsley to taste; strain, and cool. When cool, skim off 
.lie fat. 

The jelly is usually relished cold, but may be lieated. 

Data for estimating the calory value of this preparation are not 
ivailable. 

‘ Beef Tea (Cautley). — (1) Mince one pound of lean beef, and 
idd to it one pint of cold water and ten drops of dilute hydrochloric acid, 
jet it stand for two or three hours, with occasional stirring, and then 
immer for ten to twenty minutes. Do not let it boil. Skim well. 

(2) Mince one pound of lean beef as fine as possible, and pound 
t in a mortar with a small tcaspoonful of salt. Add the meat and its 
nice to one pint of water at 170° F. in an earthen vessel, and stand it 
or an hour by the fire, stirring at times. Then strain it through muslin, 
iking care to squeeze all the juice out of the meat. 
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The composition of beef tea is : 

92.9 per cent, water 
4.4 per cent, protein 
0.4 per cent, fat 
1.1 per cent, carbohydrate 

It furnishes 25 calories to 100 c. c. 

Invalid Broths (Thompson). — To one pound of chopped lean meat, 
either chicken, mntton, or beef, add one pint of cold water ; let stand in a 
covered glass fruit jar from four to six hours; cook for three hours in a 
closed jar over a slow fire, strain, cool, skim off the fat, clear with egg, 
season, and feed warm or cold. 

These broths, except the chicken broth, possess essentially the same 
fuel value as beef tea. 

Beef Juice (Bartholow). — Broil quickly some pieces of round or sir- 
loin steak, of a size to fit in the cavity of a lemon squeezer previously 
heated by dipping in hot water. The juice should be received into a hot, 
colored (preferably red) wine glass, seasoned to taste with salt and 
cayenne pepper, and taken hot. 

Beef Juice (Cautley). — Chop lean beef fine, or scrape with a fork 
or meat scraper to separate the connective tissue, and put it in a 
jar or cup, with a pinch of salt and enough cold water to cover it. Allow 
it to stand from one to six hours, and then squeeze well through coarse 
muslin. It may be given alone or mixed with other foods, warm or 
cold, but not hot. It should be warmed by heating the vessel in hot 
water. 

Beef Juice (Ringer). — Take one ounce of fresh beef, free from fat, 
chop fine, and pour over it eight Ounces of cold water; add five or six 
drops of dilute hydrochloric acid, and fifty to sixty grains of common salt, 
stir it well, and leave for three or four hours in a cool place. Then pass 
the liquid through a hair sieve, pressing the meat slightly, and adding 
gradually toward the end of the straining about two more ounces of water. 
The liquid thus obtained is of a red color, possessing the taste of soup. 
It should be taken cold, a teaspoonful at a time. If preferred warm, it 
must not be put on the fire, but heated in a covered vessel placed in hot 
water. 

The composition of beef juice is : 

90.6 per cent, water 
5.0 per cent, protein 
0.6 per cent, fat 

It furnishes 25 calories to 100 c. c. 

Beef Pulp (Cautley). — Scrape a piece of raw lean rump or sirloin 
steak with a fork or meat scraper until as much as possible of the muscu- 
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lar tissue has been obtained, separated from the tendinous parts. Pound 
it in a mortar to a pulp, and then rub it through a fine sieve. Sea- 
son with pepper and salt. It may bo taken in the form of sandwiches 
or rolled up into small rissoles and lightly grilled or fried. 

Very little of the nutriment of the meat is lost in this process. 

Egg Albumin Water (Watson). — Take the white of an egg (30 
calories) and to it add twice its own volume of water and strain through 
muslin. This gives about three ounces of a clear solution, containing as 
much protein as is found in the average sample of commercial beef 
juice. 

This fluid, added to home-made beef tea, makes a nutritive solution 
almost indistinguishable from beef juice and at a fraction of the cost. 

Egg Albumin Water (Cautley). — Take the white of a fresh egg (30 
calories) and cut it in numerous directions with scissors. Shake it up 
in a flask with a pinch of salt and six ounces of cold water. Strain 
through muslin. 

It can he made with thin barley water, and cream or sugar added. 

Egg-nog. — The following recipe makes a glass and one-half of egg- 


nog: 

Egg, 1 large (60 grams) 80 calories. 

Sugar, 1 tablespoonful (30 grams) 120 “ 

Whiskey, 2 tahlespoonfuls 90 c< 

Cream, 7 tahlespoonfuls 210 “ 


Add the sugar to the yolk of egg and heat until very light. Whip 
the white of the egg and then the cream until very stiff. Add the whis- 
key to the yolk of egg and sugar. Mix well. Add one-half the cream 
to this, then one-half the beaten white of egg, then the remaining cream, 
and finally the remaining white of egg. Mix lightly. 

Egg-nog (Bartholow). — Scald some new milk by putting it, contained 
in a jug, into a saucepan of boiling water, but it must not bo allowed to 
boil. Beat an egg with a fork in a tumbler with some sugar; add a 
dessertspoonful of brandy, and fill the tumbler with the scalded milk 
when cold. 

This egg-nog will furnish about 300 calories . 

Savory Custard (Anderson). — Add the yolks of two eggs to a cupful 
of beef tea, with pepper and salt to taste. Butter a cup or a jam pot, 
pour the mixture into it, and let it stand in a pan of boiling water till 
the custard is set. 

This will furnish 150 calories. 

Egg Flip. —Boil or heat thoroughly a teacupful of milk ; beat the 
white of one egg to a froth. Pour the milk over the egg, stirring con- 
stantly. Add sugar to taste. 

This will furnish 280 calories . 
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Caudle (Yeo). — Beat an egg to a froth; add a glass of sherry and 
half a pint of gruel. Flavor with a lemon peel, nutmeg, and sugar. 

This will furnish 120 — 150 calories , according to the consistency of 
the gruel. If milk is used to make the gruel , it will have a higher value. 

Boiled Rice (U. S. Army Hospital Becipe). — Bice, one ounce (30 
grams) ; salt, 20 grams ; water, 4 oz. Directions . — Put the salt and water 
into a stewpan. When boiling add the rice, previously washed thoroughly. 
Boil for ten minutes, or until each grain becomes soft. Drain it on a 
colander. Grease the stewpan with clarified drippings or lard. Put back 
the rice. Let it swell slowly near the fire, or in a slow oven, for about 
twenty minutes, until the grains are well separated. 

Boiled rice furnishes 60 calories to 1 tablespoonful. 

Rice Pudding. 

Bice, 3 tablespoonfuls (100 grams) 360 calories. 

Milk, 1 quart 700 “ 

Salt, 1 pinch 

Wash the rice with water. Add to the milk and cook slowly on top 
of the stove for one hour, or a little longer, until the mixture becomes 
creamy. 

Add 

Sugar, 1 cup (280 grams) 1,148 calories. 

Butter, 1 heaping teaspoonful 120 “ 

Cinnamon, nutmeg, or vanilla to taste. 

Put into a dish to set and bake in an oven until the top is browned. 

The whole pudding contains 2,325 calories. It furnishes five to six 
portions. 

Rice Pudding (Cautley). — Cover the bottom of a dish with clean 
rice, nearly fill with milk, and add sugar ; put it in a slow oven for three 
hours, and in the hottest part of the oven for fifteen minutes. 

With the indefinite statement of the amounts of the ingredients, the 
calory value of this preparation cannot be estimated. 

Rice and Egg Pudding (Cautley). — Take three ounces (90 grams, 315 
calories) of rice and swell it gently in one pint of new milk (350 calories). 
Let it cool, and stir well into it one ounce of fresh butter (230 calories), 
two ounces of powdered sugar (240 calories), the yolks of three eggs (150 
calories), and some grated lemon peel. Pour into a well-buttered dish 
and put on the top the whites of the three eggs (96 calories), beaten 
with three tablespoonsful of powdered sugar (185 calories). Bake for 
twenty minutes until lightly browned. 

The whole pudding contains 1,550 calories. 

Arrowroot (Pavy). — Mix thoroughly two teaspoonfuls of arrowroot 
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with three tablespoonfuls of cold water, and pour on them half a pint of 
boiling water, stirring well meanwhile. If the water is quite boiling, the 
arrowroot thickens as it is poured on, and nothing more is necessary. If 
only warm water is used, the arrowroot must, be afterward boiled until it 
thickens. Sweeten with loaf sugar, and flavor with lemon peel or nut- 
meg, or add sherry, port wine, or brandy, if required. Boiling milk may 
be employed instead of water, but when this is done no wine must be 
added, as the milk would curdle. 


Cocoa Junket. 1 



Cocoa, 

1 teaspoonful 

50 calories. 

Milk sugar, 

25 grams 

100 « 

Milk, 5 oz., 

150 c. e. 

100 “ 

Junket tablet, 

% 


Cold water, 

1 oz. 


Dissolve the junket tablet in the water. 

Mix the cocoa and sugar, 

add the milk, and heat lukewarm, stirring constantly; add the dissolved 

junket tablet, stir thoroughly, and leave in a 

warm place to set. 

Soft Custard. 



Milk, 

1 cup (8 oz.) 

160 calories. 

Egg, 

1 

80 “ 

Milk sugar, 

60 grams 

240 " 

Salt, 

a speck. 


Vanilla, 

2 to 3 drops. 


Caramel, made 



of granulated 



sugar, 

3 tabiespoonsful 

20 “ 


Beat the egg slightly ; add the sugar, salt, and hot milk slowly. Cook 
in a double boiler, stirring constantly, until it thickens a little (if cooked 
too long the custard will curdle, but may become smooth again if set in 
a dish of cold water and beaten at once). Elavor and cool. 

To make caramel : Put the sugar in a pan directly over heat and burn 
until a very dark brown. Dissolve in hot water or milk. 

Plain Junket or Rennet Custard. 

Milk-sugar, 25 grains 100 calories. 

Milk, 5 oz. (150 c. c.) 100 “ 

Junket tablet, % 

Cold water, 1 oz. 

Yanilla, few drops. 

See directions for ‘‘Cocoa Junket.” 

1 This and the following recipes were published in the American, Journal of Medi- 
cal Sciences for Jan., 1912. 
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Baked Custard. 



Milk-sugar, 

40 grams 

160 calories. 

Milk, 

6 oz. (ISO c.c.) 

120 •' 

Egg; 

Nutmeg or 

1 

80 “ 

vanilla. 

Salt, 

a speck. 



Beat the egg slightly; warm the sugar and milk, stirring constantly; 
add to the egg, strain into a custard cup, and flavor. Bake in a pan of 
water in a moderate oven until a knife, when cut into it, will come out 
clean (% to 1 hour). 

Bread Pudding. 


Milk-sugar, 

45 grams 

180 calories. 


Milk, 

6 oz. (180 c. c.) 

120 “ 


Egg, 

1 

80 “ 


Bread, 

1 slice %" 




thick, 20 grams 

60 “ 


Butter, 

% oz. (15 grams) 

120 " 


Spread the bread with butter, and cut into 

squares. Beat the 

egg 

slightly; heat the milk and sugar, stirring constantly; mix with the 

egg 

and pour over the bread. Grate nutmeg over the top and bake the same 

as custard. 




Vanilla Ice Cream. 




Cream, 

4 oz. (120 c. c.) 

240 calories. 


Milk, 

2 oz. (60 c. c.) 

40 “ 


Milk-sugar, 

60 grams 

240 “ 


V anilla, 

few drops. 



Mix the cream, milk, and sugar and heat, stirring constantly, until 

the sugar is dissolved. 

Then flavor, cool, and freeze. 


Cocoa with Milk. 




Cocoa, 

1 rounding teaspoonful 

50 calories. 


Milk-sugar, 

60 grams 

240 “ 


Milk, 

4 oz. (120 c. c.) 

80 “ 


Cream, 

2 oz. (60 c. c.) 

120 “ 



Mix the sugar and cocoa; cook in the milk until dissolved. Serve 


with the cream. 

Cocoa. 

Cocoa, 1 heaping teaspoonful 50 calories. 

Milk-sugar, 60 grams 240 “ 

Water, % cup, 4 oz. 

Cream, 3 oz. (90 c. c.) 180 " 

Mix the cocoa and sugar, add the water, and hoil for four or five min- 
utes. Then add the cream, or use less and serve with whipped cream. 
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Coffee. 

Millc-sugar, 60 grams 200 calories. 

Strong coffee, 4-5 o z. 

Cream, 2 oz. (60 c. e.) 120 “ 

Milk-sugar may be used likewise to sweeten tea, which may he served 
with or without cream. 

Lemonade. 

Milk-sugar, 120 grams 480 calories. 

Cold water, 7 oz, (210 c. c.) 

Lemon juice, 2 tablespoonfuls 

(or to taste). 

Boil the sugar and water two minutes. Add lemon juice to taste, 
strain, and cool. The white of an egg may be added if desired. 

Orangeade. 

Juice of 1-2 oranges, 100—200 calories. 

Milk-sugar, 50-100 grams 200-400 “ 

Mix the orange juice and sugar and serve in a glass with cracked ioe. 

PROPRIETARY POODS 

A great variety of proprietary foods are manufactured. Practically 
all of them are made from common articles of diet, such as meat, eggs, 
milk, grain, etc. 

Proprietary foods possess no special nutritive virtues, as is so often 
claimed, which are not possessed "by the natural foods from which they 
are manufactured. Neither do they possess any medicinal value unless 
some drug has been added to them. Some proprietary foods are partially 
digested. The predigested protein foods have an unusual and often dis- 
agreeable taste, and for this reason fail to stimulate the “appetite juice.” 
There is no evidence that predigested protein foods are more completely 
absorbed than natural foods. In fact, they are likely to cause digestive 
disturbances and diarrhea, as Voit long ago pointed out. Some of them 
contain alcohol, as much as 22 per cent. If such a food is given as the sole 
or principal article of diet, the patient is likely to be kept in a state of 
constant exhilaration or intoxication. 

Carbohydrate proprietary foods are said to have been predigested 
when a portion or all of the starch has been converted into sugar (or 
sugars). They are neither more easily digested nor more completely ab- 
sorbed than the sugar (or sugars) into which the starch has been changed. 
The proprietary carbohydrate foods in general possess greater nutritive 
value than the protein foods. 

As Lusk has said, the chief value of proprietary foods lies in their 
taste — and this is not always pleasing. Some proprietary foods may be 
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useful at times in order to gratify a patient’s desire for ch ang e of flavor. 
Some are useful for modifying other foods, especially milk. Few, if 
any, of them should ever constitute the sole article of diet, except for 
the briefest periods or under exceptional circumstances. On account of 
their peculiar taste, or because of the lack of adaptation of the digestive 
glands (cf. Pavlov), it is always difficult to give proprietary foods in 
sufficient quantity to meet the energy requirements of the body without 
causing disturbances of digestion. Another, and equally important, fact 
is that the absence of, or alteration in, the salts of proprietary foods has 
been observed to produce serious disorders of metabolism, especially in 
children. 

The composition of various proprietary foods is given in the follow- 
ing tables: 


Analysis of Solid Meat Extracts* 


Name 

Mois- 

ture 

Total 

Ash 

Chlonn 

as 

Sodium 
Chlond 
in Ash 

Total 

Pro- 

teinsf 

Total 

Meat 

Bases 


% 

% 

% 

i % 

% 

Armour’s Extract of Beef 

21 66 

20.46 

5.47 

27.51 

9.52 

Beef Extract, Swift & Co 

20 16 

27.28 

13.51 

15.38 

10 70 

Beef Extract, Coin Special, G. H. Hammond 






Co 

12.39 

31.68 

13 25 

15 01 

13 14 

Extract of Beef, Premier, Libby, McNeill & 






Libby 

21.86 

30.92 

18 32 

14 93 

9.98 

Liebig’s Extract of Meat 

21.14 

21.03 

3.11 

30.50 

11 92 

“Rex” Brand Beef Extract, Cudahy Packing 






Co 

26 50 

24.06 

8.54 

22.12 

11.11 


Analysis of Fluid Meat Extracts* 


Name 

Mois- 

ture 

Total 

Ash 

Chlorin 

as 

Sodium 
Chlorid 
in Ash 

Total 

Pro- 

teinst 

Total 

Meat 

Bases 


% 

% 

% 

% 

% 

Beef Juice, Wyeth & Bro 

58.84 

16.21 

6.71 

6.45 

5.99 

Concentrated Fluid Extract of Beef, Armour 
& Co 

57.75 

17.23 

8.27 

6.76 

5 18 

Fluid Beef Jelly. Mosquera- Julia Food Co 

68.97 

13 85 

10 05 

8.13 1 

3.06 

Fluid Extract of Beef, Cibils Co.j Importers. . . 
Meat Juice, Valentine’s Meat Juice Co 

64.63 

16.13 

11.38 

10.25 

4.24 

57.64 

10.26 

1.77 

5.63 

6 05 

“Rex” Fluid Beef Extract, Cudahy Packing 
Co 

55.99 

16.99 

8.48 

7.00 

8.21 

Vigoral, Armour & Co 

49.94 

15.91 

7.02 

10.75 

6.30 


*U. S. Dept, of Agriculture, Bureau of Chemistry, Bull. No. 114. 
fThe sum of insoluble and coagulable proteins, proteoses, and peptones. 
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Miscellaneous Peepaeations (Meat Extracts, Juices, and Powders)* 


Name 

Water 

Total 

Ash 

Chlorm 

as 

Sodium 
Chlond 
m Ash 

Total 

Pro- 

teins)- 

Total 

Meat 

Bases 


9 


7 


% 

% 

9 


Bouillon Capsules, Royal Specialty Co 

14 

75 

39 

75 

29 

72 

22 

19 

6 

93 

Boviil, seasoned 

43 

39 

16 

09 

8 

73 

22 

06 

6 

02 

Beef Jelly, Mosqueia-Julia Food Co 

Essence of Beef, Biand & Co 

27 

82 

17 

31 

8 

39 

28 

63 

9 

24 

90 

93 

1 

34 

0 

09 

5 

07 

1 

34 

Predigested Beet, H K Mulfurd Co 

91 

69 

0 

18 

0 

01 

1 

19 

0 

69 

Soluble Beef, Aimoui Ac Co 

80 

15 

14 

65 

5 

21 

37 

76 

6 

68 

Bovox Essence of Beef, The Bovox Co 

05 

77 

17 

29 

9 

73 

16 

57 

2 

78 

Johnson's Fluid Beet 

47 

22 

9 

80 

4 

37 

31 

75 

3 

87 

Amencan Biand Extiact of Beef, American 









Beef Extiact Co 

27 

54 

34 

73 

24 

73 

26 

69 

3 

59 

Bovinme Conccntiated Beef, The Bovimne Co 

SO 

40 

1 

55 

1 

05 

14 

14 

0 

28 

Essence of Mutton, Lhe London Essence Co 

82 

03 

2 

25 

0 

18 

12 

00 

1 

78 

Liquid Food, Murdock Liquid Food Co 

86 

09 

0 

65 

0 

20 

10 

69 

0 

25 

Maggi’a Bouillon 

56 

56 

21 

94 

17 

53 

2 

13 

5 

83 

Peptonized Beef, Rose 

45 

13 

3 

52 

1 

63 

22 

20 

9 

89 

Beef Extiact and Vegetable Tablets, Armoui 











& Co 

22 

29 

23 

66 

18 

14 

18 

87 

3 

15 

Leube-Rosenthal’s Beet Solution 

72 

6S 

3 

91 

1 

84 

16 

13 

1 

34 

Malted Meat Extract of Beef, American Malted 











Meat Co 

8 

61 

7 

87 

3 

48 

9 

82 

1 

40 


The following table, giving the composition of meat juices prepaied m the laboratory, 
illustrates the nutritive value of home-made as compared with commercial products 
Bigelow and Cook* state that “meat juice prepared m the home or hospital is far 

supenor as a food to the commercial meat extracts and so-called meat juices ” 

Meat Juices Prepared in Laboratory* 



WatBr 

Juico 

Ash 

Chlorm 

as 

Sodium 
Chlond 
m Ash 

In- 

soluble 

Pro- 

tein 

Coagu- 

labTe 

Pro- 


% 

% 

% 

% 

% 

Round hcef, < old pressed 

85 76 

1 53 

0 12 

1 00 

8 56 

Round beef, piessed al 60° C 

Juice extracted fiom sirloin steak by cold pres- 

90 65 

1 36 

0 15 

4 

25 

sure 

Juice exti acted from beef chuck by cold pressure 
aftei 6 hours at 00-100° C 

96 13 

98 11 

0 46 

0 39 

0 05 

0 05 

2 

13 


♦XT S Dept of Agriculture, Bureau of Chemistry, Bull No 114, 1908 
tThe sum of insoluble and ooagulable proteins, proteoses, and peptones 



Analysis of Infants' and Invalids' Foods 
From Sutherland’s System of Diet and Dietetics (s lightly modified) 

Most of the analyses, except where otherwise stated, are those given by the makers 



i 


O^eoocooooOi-HC^tMoecoi— icqcsi— <i— i 

7 00 

1 22 

1 20 

0 96 

1 42 

3 86 

0 29 

ssgg 

C<! r— t r— i t— 1 

1 

! 


10 

1 10 

1 24 

62 91 

30 

30 00 

29 48 

00 

76 39 

41 50 

79 30 

00 

1 

30 

67 

70 

50 

90 

54 96 

30 86 

0 00 

0 00 

[0 

70 22 

1 

Soluble 


79 

65 51 

66 85 

7 20 

67 54 

72 10 

22 21 

82 

45 35 

46 43 

84 

3 95 

28 11 

71 

87 60 1 
76! 
44 i 
81 1 

51 
92 00 

79 
22 33 

46 09 

67 95 

5 38 

81 97 

86 60 

90 

5 73 

Fat 

i 

S£gg3SS§ggS35i^S2SSgS3S5gg8 

<N S^! <:<, 2!S' -lT,Hli, '^ 00>C(Ncoocq N rH 

OCOOCODOO 

1 40 

0 20 

0 10 

0 64 

1 

! 


OaOttHOO>00>oe^Ng>Oiffl‘ONtQN 

40 00 

1 19 

8 40 

13 69 

13 00 

16 35 

1 15 


i 


ggggg^gggggg^^^ggggg 

oo.-i»ogoescoeoe©‘osoaaira»0!aot'-'«*ir^g*oo 

1 50 

5 54 
700 

7 62 

4 43 

3 06 

92 40 

1 97 

3 70 

2 40 

11 50 






Analysis op Infants’ and Invalids' Foods— Continued 
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The economic aspects of propnetaiy foods aie illustrated m Eiguies 
1 and 2 The data concerning the natuial foods were obtained for the 
most pait fiom IJ S Department of Agneultuie, Paimeis’ Bulletin No 
142, and though the prices of foods have i lsen since 1906, when the bul- 
letin was published, the mcieases m cost do not materially affect the eom- 
pansons The data concerning the propnetaiv foods were obtained m 
the following mannei Typical propnetaiy foods weie pui chased m the 



Fig l 
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open market, tlie contents of the packages were carefully weighed or 
measured, and published analyses of the foods were employed for plotting 
the values for protein, fat, carbohydrate, and calories. 

A glance at the figures renders comment superfluous. 
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CHAPTER XIV 


TOXICOLOGY 
Victor C. Vaughan 

INTRODUCTION 

Definition and Action of Poisons. — Toxicology is the science of pois- 
ons, and includes the nature, occurrence, physical and chemical properties, 
action on living things, detection, and, indeed, everything pertaining to 
poisonous substances. In this article but little will be said concerning the 
chemical separation and identification of poisons- To do this would he 
to enlarge the subject beyond the space permitted the writer. It is not 
easy to define a poison. In fact, there seems to be more or less difference 
of opinion among toxicologists as to what substances should be included 
under the term “poison.” Whether a given substance lias a poisonous 
action or not depends upon the amount given, the method of administra- 
tion, and the condition of the individual to whom the substance is ad- 
ministered. Taylor gives the following: “A poison is a substance which, 
when, absorbed into the blood, is capable of seriously affecting health or 
of destroying life, and this as its usual effect upon the healthy body.” 
Haines (25) thinks the above definition defective, inasmuch as quantity 
is not considered, and offers the following statement: “We may say, per- 
haps, in a general way that in the everyday affairs of life a substance to 
he regarded as poisonous must he capable of inducing harmful results if 
administered in doses of about sixty grains if a solid, or a teaspoonful 
if a liquid. This limitation, although somewhat arbitrary, is often of 
great convenience in the common use of the word ‘poison’ in the discus- 
sion of the subject in medico-legal cases.” Robert (36) gives the follow- 
ing definition : “Poisons arc non-organized substances (inorganic or or- 
ganic, artificially prepared or preexisting in nature), which, by virtue of 
their chemical nature, under certain conditions so affect the organs of the 
body that the life or relative well-being of the body is temporarily or 
permanently seriously harmed.” Other definitions might he given, but 
these suffice to show that recognized authorities do not agree. The fol- 
l For other intoxications the reader is referred to Yol. II, Sec. II. 
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lowing definition is offered: A poison is a substance o£ definite chemical 
composition, which, by virtue of its constitution, is capable, when brought 
in contact with the tissues of the body, of modifying the cellular activity 
of one or more organs in such a way and to such an extent as to impair 
health or destroy life. In order that this definition may be understood it 
is desirable to say a few words concerning the structure and composition 
of the living body from the standpoint of the toxicologist. The lowest 
forms of life of which we have positive knowledge are unicellular. These 
cells in their essential parts at least are made up of definite chemical 
molecules. Cells grow by chemically combining with food elements. 
The metabolism that occurs within the living cell, and which is indeed the 
only constant and invariable distinction between dead and living mat- 
ter, consists in the intramolecular absorption of new atomic groups and 
the simultaneous expulsion of old ones. Cellular assimilation consists in 
fitting the newly absorbed atomic groups into a molecular whole, and this 
is accompanied by a readjustment of the positions of the atoms. Cellular 
growth is due to polymerization, and cellular multiplication results from 
the cleavage or fission of the polymeric compounds. Nothing can serve 
as cellular food unless it combines chemically with some group within the 
molecule, and it is also true that nothing can act as a cellular poison un- 
less it combines chemically with some group within the cellular molecule. 
Chemical germicides combine with atomic groups within cellular mole- 
cules, producing compounds which render the subsequent growth and 
multiplication of the cell impossible. The bodies of higher plants and 
animals are multicellular, and the life of the individual is the complex of 
the functions of its organs, which are made up of groups of specialized 
cells. Poisons are substances that impair or destroy cell function by 
chemical combination with certain groups within certain cell molecules. 
The cells of the different organs of the multicellular individual differ in 
their chemical composition, and consequently in their reaction with vari- 
ous chemical compounds with which they are brought in contact; con- 
sequently cell poisons have a selective action, some combining with red 
blood cells, some with connective tissue cells, some with liver, and some 
with nerve cells. All poisons are such by virtue of their effect upon the 
cells of the body, and the effect of a given poison upon the life and health 
of an individual depends upon the number and kind of cells whose func- 
tion is interrupted. A poison which puts out of commission relatively 
few cells in the respiratory center of the brain, even temporarily, may 
cause the speedy death of the individual, while one that destroys thou- 
sands of red blood cells, or kidney or liver cells, may have no immediate 
visible effect upon the well-being of the individual as a whole, but the 
latter is as truly a poison as the former. This is an important point, and 
failure to comprehend it leads to failure to grasp the true significance of 
the word “poison.” Among the unscientific there is a tendency to exclude 
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from tlio list of poisons all substances that do not induce an immediate 
and visible elfect upon the health of the individual as a whole. 

It will be evident from what has been said that everything that de- 
stroys cell life or impairs cell function cannot be classed as a poison, be- 
cause ii is only the substance lliat does Ibis by virtue of its chemical con- 
stitution (bat can bo so classilied. A liigh temperature destroys all life, 
but temperature cannot be classified among the poisons. It destroys life 
by altering tlie chemical composition of the cells, in many instances at 
least, but not by virtue of its own chemical constitution, because it has 
none. A poison is a material substance of definite chemical composition, 
and not a mode of motion. Powdered glass when introduced into the 
stomach may mechanically destroy tissue, impair health, and cause death, 
and yet powdered glass is not a poison because its harmful effects are 
due to its physical properties and not to its chemical constitution. Our 
definition excludes from the list of poisons all substances whose harmful 
effects are due to their physical properties. Life may be destroyed by 
burns from hot air, water, or metal, but these are not poisons, because the 
ill effects induced by them arc due to temperature and not to their chemi- 
cal composition. It is sometimes inferred that every chemical compound 
is a poison if administered in sufficient quantity, and the scientific ex- 
pert is frequently asked if common salt will not kill if taken in sufficient 
dose. It is true that the introduction of 1 "> to 20 c. c. of a 10 per cent, 
solution of common salt into the stomach of a rabbit will cause speedy 
death, and one-lialf pound in concentrated solution taken at once has been 
known to cause death in man, but we should distinguish between salt 
action and poisonous action. The concentrated salt solution kills because 
it rapidly extracts water from the tissues, and not because of the chemical 
reaction between the sodium chlorid and the constituents of the animal 
cell. The most inert chemical compound, and wo know of none more inert 
so far as its effects upon the animal body may go than common salt, may 
kill if given by the mouth, or introduced into any cavity of the body, or 
injected into the blood in concentrated solution, but the effect here is due 
to the specific gravity of the fluid rather than to its chemical composition. 

The medical witness is sometimes asked if it is not true that many 
of the remedies employed by him professionally are poisonous. This 
is true, and it is largely for this reason that ihe laws of all civilized na- 
tions regulate the practice of pharmacy and medicine, and throw about 
them such safeguards as are supposed to bo necessary to exclude the ignor- 
ant and vicious from their practice. In the treatment of a grave disease, 
such as syphilis, the physician often prescribes, knowing that he must take 
the risk of doing more or less injury to the digestive apparatus or to the 
kidney, in order to save the central nervous system from the destructive 
effects of the disease. It is on account of the dangerous character of the 
tools he employs, and the great value and delicacy of the human body on 
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which ho works, that the medical mail demands that his profession be 
limited to persons of culture, skill, and integrity; and because he lias pre- 
scribed borax or sodium sulphite not only without harm but with un- 
doubted benefit is no reason why the butcher should be permitted to add 
either or both of these substances ad lib Hum to the daily food of his 
patrons. 

Vv nile all poisons are such by virtue of their effect upon the cells of the 
body, it must not be supposed, that this reaction is always a direct one, al- 
though it undoubtedly is so in many instances. The speedy action of cer- 
tain poisons can hardly he explained in any other way than by direct 
action upon certain cells in the so-called vital centers of tlie brain, while, 
on the other hand, such poisons as ethylic alcohol, when taken in non- 
fatal doses through a long period of time, cause cirrhotic changes in the 
liver, and after a while these become so extensive that this organ cannot 
function normally, and the individual dies. Potassium chromate leads to 
lesions in the kidney and, as a consequence of this, other organs suffer. 
Potassium chlorate acts upon the red blood corpuscles, and if a sufficient 
number of these he destroyed the continued existence of the individual is 
impossible. Destruction of the cells that supply the digestive enzymes 
must sooner or later lead to the death of the individual. The concen- 
trated acids and alkalies, also the salts of the heavy metals, cause extensive 
destructive changes, and may lead to gangrene. 

Variations in the Effects of Poisons. — One and the same poison may 
show wide differences in the symptoms induced by it. Some of the most 
important conditions influencing the effects of a poison may he briefly 
stated as follows: 

(1) The Size of the Dose . — The size of the dose may greatly alter 
the symptoms, even when the smaller amount is greater than the minimum 
fatal dose. The larger quantity may overwhelm the system, obscuring 
and even obliterating local symptoms that may be quite prominent with 
smaller doses. When a large quantity of arsenic is quickly absorbed, the 
gastrointestinal symptoms, usually prominent, may be wholly wanting, 
while the effects upon the central nervous system predominate. A small, 
but fatal, dose of morphin is usually characterized by narcosis, while a 
massive dose may lead to the most violent convulsions. 

(2) The Physical State of the Poison . — The physical condition of 
the poison influences the rapidity and violence of its action. It seems 
probable that no substance can manifest a poisonous action unless it exists 
in solution, and when administered in solid form it must pass into solu- 
tion before it can affect the cells of the body. It may be dissolved in 
the body slowly or rapidly. In the former instance it may fail altogether 
to exert any poisonous effects. If in solution, the strength of the dilution 
may materially modify its action. The mineral acids in concentrated 
form may destroy all tissues with which they come in contact, while the 
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same amount of acid highly diluted may be relatively harmless. Poisons 
may be modified by the vehicle in which they are administered. The ve- 
hicle may contain something* that will hasten and intensify the action of the 
poison, or it may contain some ingredient that will retard and even neu- 
tralize its effect. Phosphorus administered in oils is more readily ab- 
sorbed and affects the liver more promptly than when taken in aqueous 
suspension. The cyanids in acid media liberate hydrocyanic acid, which 
acts more promptly and violently than the salt. 

(3) The Avenue of Administration . — As a rule, ihe more readily the 
poison finds its way into the circulating blood the more speedily does it 
act, and the smaller is the dose required to lead to a fatal issue. For this 
reason intravenous and subcutaneous injections are more quickly and 
surely fatal than the same substance in like amount given by mouth or 
rectum. Moreover, some poisonous bodies are rendered inert by the di- 
g*estive fluids, or are not absorbed from the alimentary canal, but when 
introduced under llie skin or directly into the blood stream, act with great 
promptness. Many of llie potassium salts are harmless, or at least rela- 
tively so, when administered by the month, but prove most potent poisons 
when given intravenously. Tlio venoms are destroyed in the alimentary 
canal and act as poisons only when introduced through the skin, or directly 
into the blood. Other substances, such as the oxids of arsenic, have at 
most only a local effect, when given subcutaneously, but act more promptly 
and deadly when given by the mouth. 

(4) The Condition of the Recipient . — The condition of the indi- 
vidual receiving the poison determines to some extent its effects. Usually 
poisons taken by the liioulli when the stomach is empty are dissolved more 
quickly and act more promptly than llie same substance taken in full di- 
gestion. The constituents of the food may form compounds with the 
poison which art* not readily soluble. This happens when, mercury com- 
bines with flic proteins of the food in the stomach, and this may wholly 
prevent the corrosive action of the poison. The condition of the organs of 
elimination is also of importance in this consideration. A man with sound, 
active kidneys may survive a dose of morpliin that would prove fatal to 
a nephritic subject. Then there is the matter of idiosyncrasy which is 
full of interest, hut imperfectly understood. A therapeutic dose of qui- 
nin, or a bit of egg, or a delectable dish of strawberries may cause an in- 
dividual to develop a scarlatinous rash. 

Disposition of Poisons by the Animal Body. — The animal body makes 
many efforts, more or less effectual, to dispose of poisons, both those in- 
troduced from without and those generated within. Man and some other 
higher animals easily empty the stomach when the interior of that viscus 
is brought in contact with irritating and otherwise objectionable material. 
Moreover, a brisk catharsis is caused by many poisons, and by this means 
the life of the individual is often saved, and the injury done is speedily 
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repaired. The action of the liver on poisons absorbed into the portal cir- 
culation has been much discussed, and has been made the subject of several 
researches. The power of this organ to arrest or to destroy poisons has 
been both affirmed and denied. The researches of Roger appear to show 
beyond doubt that the liver does lessen the toxicity of at least some poi- 
sons. This is accomplished by diverse processes, depending upon the 
nature of the poison. The alkaloids when combined with bile acid, and 
the heavy metals, when combined with nucleic acid, become less soluble, 
and are held longer in the liver; consequently, the effect is lessened. Some 
poisons are converted into conjugate sulphates, and thus rendered prac- 
tically harmless, and in this condition are eliminated through the kid- 
neys. Phenol is thus disposed of, and, provided the amount is not greater 
than that which can be neutralized, no harm is done the organism. Other 
poisons are disposed of by being conjugated with glycuronie acid, glycocoll, 
methyl, carbamic acid, acrylic and mereapturic acids. Some poisons, such 
as the heavy metals, combine with the nucleic acid of the white blood 
corpuscles, and are then deposited in the bones and connective tissue. 

Symptomatology of Poisons. — The physician should always be alert 
to recognize symptoms due to poisons that may be given with criminal 
intent, taken accidentally, or in some nostrum, or as an adulteration in 
food. The purpose at this point is to make a few general statements con- 
cerning the symptoms induced by poisons, leaving special features to be 
discussed in the sections devoted to the individual poisons. 

(1) Vomiting and Purging . — When either of these suddenly appears 
in a healthy person, it is fair to suppose that the condition is due to some 
gastrointestinal irritant, or is premonitory of some acute disease. Poisons 
that induce acute vomiting and purging are numerous and of diverse 
origin. Such are the salts of the metals and bacterial poisons generated 
in the food before or after it is taken into the alimentary canal. The 
vomiting and purging vary in degree of intensity, and, as a rule, when 
they suddenly occur in persons believed to be healthy, it is unwise to at- 
tempt to thwart nature’s efforts to cast out the irritating poisons, and it 
is better to assist with the stomach tube and intestinal irrigation. 

(2) Vasomotor Disturbances . — Many poisons affect the vasomotor 
centers and lead to marked changes in the color of the skin, the action 
of the heart, and of respiration. The skin may be pale, or the natural 
redness may be markedly intensified, and urticarial rashes are frequent. 
A picture closely resembling scarlet fever may result from a gastrointes- 
tinal irritant, from a dose of quinin, or other relatively harmless drug. 

(3) Cerebral Symptoms. — Illusions, hallucinations, and temporary 
delusions may follow large doses of salicylic acid, and convulsions are 
caused by strychnin. Stupor and coma may result from the narcotics, 
or may be due to alcoholism or cerebral hemorrhage. 

(4) The Temperature . — The influence of poisons upon the tempera- 
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ture has not "been closely studied. It has been stated that there is no 
known poison the primary effect of which is to markedly elevate the 
temperature. This is not true. In strychnin poisoning the temperature 
may he elevated several degrees, especially when taken while the body is 
in a tetanic spasm. Arsenic and antimony, and possibly other gastro- 
intestinal irritants, may cause an elevation of from oik* to two degrees. 
Close observation of the temperature in cases of poisoning is needed. Heat 
and cold sensations are, due to vasomotor disturbances, and arc not to be 
relied upon as a measure of ihe. actual temperature of the blood. In severe 
poisoning Ihe temperature often falls, and may go as low as 65°; in some 
cases still lower. 

(5) ] > ul.se .- — In most cases of acute poisoning the pulse is quick and 
feeble, the extent to which Ibis is true being determined by the degree of 
shock. However, those poisons that act directly upon the respiratory cen- 
ter may not materially affect the pulse, which continues with surprising 
regularity for some minutes after respiration has stopped. 

(6) Respiration . — The most common effect of poisons on the respira- 
tion manifests itself in dyspnea, which may be due to mechanical obstruc- 
tion, as in edema of the glottis, from the local action of a corrosive poison, 
or to paralysis, as in chronic lead poisoning, or to muscular spasm, as in 
poisoning with strychnin, or to direct action on the respiratory center, as - 
is observed with some of the bacterial poisons. Cheyne-Stokes respira- 
tion marks the approaching termination of many eases of fatal poisoning. 

(7) Motor Disturbances . — Some of these are so characteristic that 
they justify a positive diagnosis; such as the tetanus due to strychnin, the 
wrist drop due to lead, and the mydriasis due to atropin. Paralysis of the 
sphincters is frequent in fatal poisoning, hut retention of the urine is com- 
mon in poisouing with narcotics. 

(8) The Dye . — Contraction of the pupil hv morphin and its dilata- 
tion by atropin are well known. Yellow vision from santonin and red 
vision from duboisin may be mentioned, and blindness from wood alcohol 
is quite characteristic. 

(0) The Ear . — The characteristic ringing in the ear due to quinin, 
and the buzzing caused by salicylic acid, and the intensified sense of bear- 
ing resulting from strychnin are familiar to medical men. 

(10) Speech . — Tlie peculiar speech of alcoholic intoxication and the 
roughened voice of belladonna poisoning, especially the former, are well 
known. 

(11) Sensation Abnormalities. — Anesthesia, paresthesia, hyperesthe- 
sia, formication, pins and needles sensation, and other sense disturbances 
in the skin are probably always due to some form of intoxication. The 
neuritis of chronic arsenical poisoning has been sufficiently distinct, and 
characteristic in numerous instances to lead to an investigation which has 
enabled clinicians to reach a correct diagnosis. 
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(12) Shin Lesions . — Acnes and fungoid sores may be due to long- 
continued employment of the bromids or iodids, while arsenical melan- 
osis, and the peculiar condition of the skin known as argyria, due to 
silver, may be mentioned. Gangrene due to ergot is rarely seen in this 
country. 

The Diagnosis of Poisoning.- — The physician who diagnoses a case of 
poisoning, especially in attempted homicide, and as a result of such a 
diagnosis saves the life of the intended victim, is to be congratulated ; 
while, on the other hand, the physician who mistakes poisoning for some 
disease, and thus permits a criminal to perpetrate his crime, as it were 
in the presence of the physician, puts himself, to say the least, in an 
awkward position. Unfortunately, instances of the former are much 
rarer than those of the latter. In most cases of attempted suicide the diag- 
nosis of the physician when he is called in is easy, but there are many 
cases of accidental poisoning and few of criminal character that go to the 
physician, who fails to recognize the true cause of the trouble. In all 
suspicious eases the remnants of food, drink, or medicine, vomited mat- 
ter, and the excretions should be carefully inspected, and, if this is not 
satisfactory or convincing, portions should be taken for microscopical and 
chemical examination. Marks of corrosives on the hands, lips, face, and 
mucous membrane of the mouth should not be overlooked, and the prick 
made by a hypodermic needle may possibly be detected. Tbe vomited 
matter may reveal something of value from its appearance, odor, or re- 
action. Portions of poisonous plants or of undissolved poison may be seen 
in the vomit, and tbe odor of hydrocyanic acid, alcohol, formaldehyde, 
opium, and nicotin is quite characteristic, while in phosphorus poison- 
ing the vomit may be luminous in the dark. The odor of the exhaled air 
may give a clew in either poisoning or disease. An examination of the* 
urine is often of great service. The long-continued use of sulphonal or 
trional makes tbe urine tbe color of a rich Burgundy from the presence 
of hematoporphyrin, which may he more positively identified by tbe spec- 
troscope. Antipyrin and fuchsia give a rod urine ; methylene blue makes 
it greenish. Fresh urine after santonin poisoning is normal in color, but 
on becoming ammoniacal, or on tlio addition of ammonia, it becomes 
bright red. Phenol and allied bodies color the urine dark green, the color 
growing darker as the urine stands exposed to the air. Hemoglobinuria 
may be due to large doses of quinin, or to the inhalation of the arsenid of 
hydrogen. Methemoglohinuria follows poisoning with potassium chlorate, 
and hematuria may be due to any irritant to the urinary passages, such 
as cantharides and turpentine. Brownish and greenish brown urine may 
be due to phosphorus, lead, or mercury. Tbe urine has tbe odor of vio- 
lets after turpentine, and that of hydrogen sulphid in cystinuria. Albu- 
min in the urine may be due to poisoning with any of the heavy metals 
or with irritants that are eliminated by tbe kidneys. Microscopical and 
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cliemical examinations of vomited matters and the excretions should not 
be neglected in suspicions cases. 

From symptoms alone it is quite impossible to distinguish absolutely 
between certain diseases and the effects of certain poisons. Cholera and 
cholera morbus arc due to the poisons produced hy bacteria, and inasmuch 
as these are gastrointestinal irritants the symptoms resemble those of 
arsenic, antimony, and other poisons not of bacterial origin so closely 
that the most skilled cannot always distinguish between them. The ef- 
fects of the narcotic poisons are closely simulated in coma from disease. 
The fact that a person while in perfect health is suddenly taken ill, and 
especially if this illness falls within an hour or two after the taking of 
food or drink, should always awaken the suspicion of poisoning. This 
suspicion is intensified if a number of persons, after partaking of the 
same food, are stricken about the same time. This happens more fre- 
quently when poisons have been generated in the food hy bacterial infec- 
tion, and seldom lias any relation to homicidal intent. 

The General Treatment of Poisoning. — Some general statements con- 
cerning the treatment of eases of poisoning will he made here, hut, special 
treatment will be discussed under the individual poisons. The first thing 
to do is to remove any portion of the poison that remains uuabsorbed, and 
since most poisons are taken into the stomach this vinous should he emp- 
tied, and the best way to accomplish this purpose consists in the use of a 
stomach tube. There is some possible danger of perforating the esophagus 
or walls of the stomach with a tube after corrosive acids or alkalies have 
been swallowed, but, inasmuch as the chance of perforation from the cor- 
rosive is greater still, the tube should be employed. It is well to have a 
bone, wooden, or metallic ring on the tube in relieving the stomach of 
poisons, in order to prevent luting llic tube or the fingers of the operator. 
Coma is not a contraindication to the use of the tube, neither is the fact 
that the poison was administered hypodermically, because, when thus ad- 
ministered, many poisons, both inorganic and organic, in part at least, 
reach the stomach. In coma the introduction of a large volume of cool 
water into the stomach serves as a cerebral stimulant. Tlic fact that free 
vomiting has already occurred doe3 not do away with the desirability of 
washing out the stomach, because vomiting is an ineffectual means of 
cleansing this organ, especially of insoluble poisons which adhere to the 
mucous membrane. Water is usually emjdoyed in washing out the poison, 
but some demulcent fluid or a solution of a cdiemical antidote to the poison 
swallowed may be preferable. The first washing should be preserved for 
microscopical and chemical examination. The washing should he con- 
tinued until all the unabsorbed poison is removed. This can sometimes 
be determined by the appearance, in other instances by the odor, and, in 
others still, only hy chemical tests. In ease a stomach tube is not at hand, 
vomiting must be induced. The methods of doing this are numerous, such 
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as tickling the fauces, the administration of lukewarm water, tartar 
emetic, copper sulphate, or mustard. The last mentioned is to he found 
in every house, and a teaspoonful stirred into a glass of water is generally 
efficient. However, the most excellent emetic is apomorphin, given hypo- 
dermically, and every physician should carry this drug in tablet form. 
One or two c. c. ? s of a one per cent, solution constitutes the proper dose. 

While it is true that coma is not a contraindication to washing out the 
stomach, care should always he exercised in this procedure, and especially 
when the patient is in coma. Strassmann states that there are three 
known cases of rupture of the mucous membrane of the stomach, with 
fatal hemorrhage, in washing out this organ. One of these was due to a 
cancerous condition, and the others were cases of opium poisoning. In 
the two from opium poisoning the tears radiated from the cardiac end of 
the stomach, and were undoubtedly due to over-distention. There are other 
cases reported as due to the use of a sound, and spontaneous ruptures of 
the walls of a diseased stomach are not unknown. 

The large intestine should be cleansed by high injections, and the 
administration of saline cathartics, calomel, or castor oil, after washing 
the stomach and intestines, is often wise. 

In case of a sting or bite on a limb, temporary ligation and keeping 
the limb cold will delay absorption while the wound is cleansed and cau- 
terized. However, the ligature must not be too long applied as gangrene 
may result. 

The administration by the mouth or introduction into the stomach 
through the tube of substances that neutralize the poison is an important 
procedure. Tor caustic alkalies, some weak acid, such as vinegar, lemon 
juice, or citric acid may be used. On the other hand, for acids and 
acid salts weak alkalies, such as sodium bicarbonate, calcined magnesia, 
lime water, or a teaspoonful of wood ashes may be employed. Most of the 
acids are rendered inert when neutralized, but it should be remembered 
that the soluble oxalates are quite as poisonous as oxalic acid. The ad- 
ministration of alkali is of more or less benefit, even after partial ab- 
sorption of acid and acid salts, inasmuch as the absorption of the alkali 
tends to restore the normal reaction of the blood. Furthermore, alkalies 
are beneficial after poisoning with chlorin, bromin, iodin, hydrocyanic 
acid, and potassium chlorate, and it is believed that methemoglobin may 
be partially changed back into hemoglobin by increasing the alkalinity of 
the blood, and the alkali acts as a diuretic, and increases elimination 
through the kidneys. 

The corrosive poisons owe their corrosive properties to the avidity with 
which they combine with proteins. Therefore, if proteins are introduced 
into the stomach in time, they save the walls of that organ from the de- 
structive action of the poison. The whites of three or four eggs dis- 
solved in a quart of water make a highly useful agent for lavage of the 
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stomach after swallowing corrosive poisons. Tl, should he clearly under- 
stood, however, that the metallic albuminates of poisons must not he left 
in the stomach. The protein has only neutralized the corrosive proper- 
ties, and the substance remains a poison. Special neutralizing substances 
such as common salt for silver and ferric hydrate for arsenic, will he dis- 
cussed under the individual poisons. 

For the 1 alkaloidal poisons a solution of tannic acid, one to two grains 
to the ounce, or a strong decoelion of green tea may he employed in wash- 
ing out the, stomach, the alkaloidal tammies being less soluble than the sul- 
phates, acetates, etc., hut it should he understood that the tannates must not 
be left in the stomach, for in time they will he absorbed. Oxidizing agents, 
such as a one per cent, solution of potassium permanganate, are of benefit 
in cases of poisoning with movphhi and other alkaloids; also with phos- 
phorus and hydrocyanic acids, because Iho oxidation products of these 
substances arc less poisonous than the substances themselves. However, 
too much must not he expected from this kind of treatment, for there is 
often much organic matter in the stomach, sufficient to absorb the available 
oxygen. Suspensions of charcoal, either animal or vegetable, have been 
much praised in the treatment of alkaloidal poisoning. It is supposed 
that, the charcoal which is administered in suspension, a teaspoonful of 
the powder to a glass of water, mechanically absorbs and holds the poison. 
Tt will do this to some extent, provided the charcoal has been recently 
ignited, and has been kept from the air. Otherwise it is of but little 
value 1 , and, when used, the charcoal should ho washed out of the stomach. 

The inhalation of oxygen and artificial respiration are of great value 
when death from failure of respiration is threatened. The forcing of 
oxygen into the lungs with bellows after tracheotomy has been practiced in 
cases of morphiu poisoning, and is not wholly free from danger. Stimu- 
lation of respiration with electricity is of value in narcotic poisoning. 

Tho hypodermic or intravenous injection of heart stimulants, such as 
strychnin sulphate and tho aromatic spirits of ammonia, may he employed 
in threatened failure of the 1 heart. The application of heat with hot water 
bottles and abundant covering is not to be neglected when the temperature 
falls below the normal. The value of this treatment may he demon- 
strated experimentally on animals, and the writer has frequently seen 
guinea pigs recover after the temperature has fallen below 1)4° if placed 
in a warm room, while those left in the cold have died. However, it is 
not safe to place a man whose temperature is falling as a result of poison- 
ing in a hot bath, for the superficial blood vessels suddenly dilate and 
the heart stops. He should he placed in bed, warmly covered, and hot 
water bottles placed about the extremities. The importance of keeping 
the head low in threatened heart failure is generally understood. 

Transfusion and the intravenous injection of defibrinated blood work 
well in animals experimentally, but the operation is too delicate and too 
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complicated to be resorted to on the spur of the moment in the treatment 
of man. Hingcr first proposed and successfully practiced the withdrawal 
of a given quantity of blood, and the subsequent intravenous injection of 
twice the volume of a solution of 7.5 per mille of sodium chlorid, and 0.25 
per mille of calcium chlorid. Landerer has used a like solution, with the 
addition of 1 per mille of sodium bicarbonate. This procedure seems 
sensible and reasonably safe, provided the operation is carefully done. 
The withdrawal of the blood removes a portion of the poison, and the sub- 
sequent injection of the salt solution dilates the blood vessels, increases 
blood pressure, and hastens elimination through the skin and kidneys. 
The hypodermic injection of a large volume, one liter or more, of sterile 
salt solution is easily done, is safe, and may be beneficial. 

The direct transfusion of blood as practiced by Crile (12) promises to 
be of service not only in hemorrhage, but in some instances of poisoning. 
The transference is made from the radial artery of the donor to any super- 
ficial vedn on the arm of the recipient. The transference tube is so ar- 
ranged that intima comes in contact only with intima, and the possibility 
of clotting, or the introduction of any foreign body, is avoided. Crile and 
Lenhart (13) have found direct transfusion effective in poisoning with 
illuminating gas in experiments on dogs, provided the transfusion he be- 
gun as soon as the heart stops, hut it is not efficacious after the full stop of 
the heart in poisoning with chloroform or adrenalin. 

The value of stimulating active movements and of inaugurating pas- 
sive movements in the treatment of poisoning with narcotics is generally 
understood and frequently practiced. The patient is kept moving with 
an attendant on each side for support, and the limbs are rhythmically 
flexed and extended. Flagellations with cold, wet towels are useful. In 
all eases of narcotic poisoning the bladder should not he forgotten, and 
should he emptied with a catheter when necessary. 

The employment of pharmacological antagonists, as atropin, in mor- 
phin poisoning, must he practiced, if at all, with caution, and will be men- 
tioned in the sections devoted to the individual poisons. 


CLASSIFICATION OF POISONS 

(1) Mineral. — These may he subdivided into: (a) metallic poisons, 
(h) acids, (c) alkalies, and (d) inorganic gases. Many substances de- 
rived from the mineral world owe their poisonous properties to artificial 
changes to which they have been subjected. Thus, silver as found in 
nature is inert, hut in the form of the nitrate it becomes active. The 
intensity of action of many of the mineral poisons is largely dependent 
upon the combinations in which they exist. Thus, while metallic arsenic 
is practically without poisonous effect, the oxids of this metal are highly 
45a 
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poisonous. While some of the phosphates and phosphites are injurious 
to the body when employed in large doses, their action is not comparable 
with that of the isolated phosphorus, in which form this element does not 
occur in nature. 

(2) Vegetable. — These may be subdivided into : (a) alkaloids, (b) or- 
ganic acids, (c) poisonous glucosids, and (d) poisonous vegetable pro- 
teins. 

(3) Synthetic. — The synthetic chemist has demonstrated the fact, long 
denied, that the toxicological action of a substance is determined by its 
chemical composition, and we are now able to predict, under certain con- 
ditions, the physiological effects of a new body from a knowledge of its 
chemical structure, and this action can he modified by the substitution of 
one group of atoms for another. The possibility of thus building up new 
substances capable of inducing modified or radically different effects 
seems to he unlimited. This branch of chemistry is still new. Addi- 
tional discoveries along this line will probably greatly advance o\ir knowl- 
edge of the science of toxicology. 

(4) Animal. — Under this head wo may mention the venom of serpents, 
the secretion of certain fishes, the poisonous leukomains, etc. Some of 
these are not poisonous to the animal in whose body they are generated, but 
act harmfully upon the tissues of other animals; while others act injuri- 
ously when allowed to unduly accumulate in the organism in which they 
originate. 

(5) Bacterial . — Such are the toxins of diphtheria, tetanus, and cer- 
tain other infectious diseases. The bacterial poisons may be divided into : 
(a) basic poisonous products, or the ptomains, (b) the so-called bacterial 
toxins, and (e) the protein poisons. 


MINERAL POISONS 

Ausenio 

Occurrence. — Metallic arsenic occurs in nature only in small quan- 
tities, and is generally prepared from arsenical minerals, in which it is 
found combined with silver, iron, cobalt., copper, and nickel. The sulph- 
arsenid of iron, known as mispickel, or arsenical iron pvrite, and the 
arsenid of cobalt are the most important arsenical minerals. Both the 
sulphids, orpiment and realgar, are quite widely distributed in nature, and 
are obtained as by-products in the mining of silver, lead, and zinc. Arse- 
nous oxid and the arsenates occur somewhat widely distributed, but in 
small quantities, in certain soils and waters. On account of its wide dis- 
tribution, and the difficulty of wholly removing it, arsenic is fonnd in 
small amount in many manufactured chemicals. Traces of it may he 
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ietected in commercial acids, especially sulphuric and hydrochloric, in the 
sulphates, carbonates, and phosphates. It is difficult to remove all traces 
d£ arsenic from some of the metals and their salts. This accounts for the 
difficulty that has been experienced in securing zinc perfectly free from 
arsenic, and for the presence of traces of this substance in compounds of 
antimony, bismuth, and cobalt. It also explains the frequency with which 
traces of arsenic may be found in certain medical preparations, such as 
tartar emetic and bismuth subnitrate. Arsenical pyrite not infrequently 
occurs in bituminous coal. However, no harm has been known to result 
from the presence of arsenic in coal, and during the process of combustion 
it is completely volatilized. 

In the Human Body . — There has been some difference in statement 
concerning the occurrence of arsenic as a normal constituent of the human 
body. The researches of Gautier (21) show that arsenic is occasionally, 
at least, found in the skin and its appendages, and it is the belief of this 
investigator that it is a normal constituent of these tissues. However this 
may be, it has no bearing on medicolegal investigation, since no chemist 
claims that arsenic exists naturally, even in traces, in the stomach, liver, 
kidneys, muscles, and other soft tissue. Moreover, the quantity found in 
the skin, hair, nails, etc., under natural conditions, is too small to be of 
significance to the toxicologist. 

In the Boil.— The fact that the soil of graveyards frequently contains 
arsenic has given rise to much discussion and some experimentation con- 
cerning the possibility of a body buried in such a soil absorbing small 
quantities of this substance. Usually the arsenical minerals found in soil 
are insoluble in water, and when this is the case the chance of a corpse 
absorbing arsenic from the soil in which it is deposited is slight. Eor 
many years arsenical embalming fluids in which the arsenite of potash is 
the chief constituent were so extensively used that it is possible that the 
soil of many cemeteries haB become impregnated with soluble arsenical 
preparations, and the possibility of a corpse absorbing arsenic -from such 
soil must be admitted. Furthermore, it cannot be denied that there are 
soils which have never been artificially contaminated, and which do contain 
soluble compounds of arsenic. This is shown to be true by the frequent 
occurrence of arsenic in mineral waters. 

Another way in which soil may become more or less impregnated with 
arsenic is to be found in the use of arsenical superphosphates as fertilizers. 
The arsenic contained in these preparations is slightly soluble, and may 
contaminate not only the soil and water, but may be taken up by growing 
plants, in which its presence may be detected. Moreover, the common use 
of Paris green for destroying insects on potatoes and other vegetables and 
for spraying fruit trees may lead to the contamination of the soil, and 
may account for the detection of traces of arsenic in turnips, potatoes, and 
other vegetables. In case only a trace of arsenic is found in a body that 
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lias lain in the ground for some weeks or longer the prosecutor may have 
an analysis of the soil of the cemetery made, hut when weigkable quanti- 
ties of arsenic arc found in the body the possibility that the poison has 
found its way into the corpse from the surrounding soil is not worthy of 
serious consideration. 

In Manufactured Articles . — Arsenic is extensively used in the manu- 
facture of various articles, and it is well to call attention to some of its 
uses. In the preparation of the anilin dyes arsenic is employed, and it is 
not always entirely removed ; consequently, Iraces of it may be found in the 
preparations placed on the marked. The writer has seen several cases of 
severe irritation of the skin which lie 1 believed to be duo to the presence of 
arsenic in red flannel underwear ; at least, the examination of these gar- 
ments revealed the presence of easily delectable quantities of arsenic, and 
the skin affections disappeared on leaving off the suspected garments and 
reappeared on their resumption. A similar case has been reported by 
Bourquolot and Galippe (-0. About twenty years ago arsenic was fre- 
quently used in coloring wall paper, but this is no longer the case. 

Arsenic is used not only in colored articles, but also in sizing letter 
paper. This fact is worthy of mention here, not because there is any likeli- 
hood that any one will ever be poisoned from arsenic in this way, but it is 
well for Ibe toxicologist not to lose sight of this use of arsenic. It has 
happened to the writer to place pulverized zinc on a sheet of writing paper, 
preparatory to transferring it to a Marsh flask, and in this way contami- 
nate the zinc with arson ie sufficiently to produce a well-defined mirror. A 
preparation quite extensively used in sizing letter paper consists of alumi- 
nium acelate, glycerin, and arsenous oxid. Arsenic is so widely distrib- 
uted in manufactured articles that flic toxicologist must always have this 
fact in mind in order to escape falling into error. 

In Embalming Fluids . — ■‘For many years arsenical embalming fluids 
were almost universally used. Now, however, most states forbid this use 
of arsenic. Tn order to be safe it is always wise to test, the embalming 
fluid, when sucli has boon used, for arsenic. 

In the Household , — There is probably no other chemical so generally 
used as a poison as arsenic. Rough on rats is arsenous oxid, in some in- 
stances, colored by an admixture of lamp black, though generally sold as 
pure white arsenous acid. The fact that this poison is so frequently found 
in the household, and can be so easily obtained, has led to numerous in- 
stances of both accidental and intentional poisoning with it. Paris green 
is largely used as an insecticide, and is sprinkled with free hands over 
vegetables and fruit. Its characteristic color prevents its frequent use 
for homicidal purposes, hut perhaps intensifies the longing that the suicide 
seems to have for it. However, it is sometimes administered with green 
vegetables. Ply poison, consisting generally of powdered arsenid of 
cobalt, though sometimes of finely divided metallic arsenic, is an occasional 
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source of accidental poisoning. Arsenical soaps are in some sections of 
the country largely used for washing animals that show any manifestation 
of skin diseases, and occasionally individuals are poisoned by drinking 
from receptacles in which such soap has been carried. London purple, 
which is a waste product from anilin factories, is another form in which 
arsenic reaches the household, to be used for the destruction of pests of 
various kinds. Grape sugar may contain arsenic, and in some instances in 
large quantity. This is due to the presence of arsenic in the commercial 
sulphuric acid employed in the manufacture of sugar. When such sugar 
is used in the preparation of articles of food cases of arsenical poisoning 
may result. This is the explanation of the widespread outbreak of arseni- 
cal poisoning at Manchester, England, in 1901, which was traced to the 
use of arsenical grape sugar in the manufacture of beer, and in which 
more than 0,000 people were affected, and 70 died. 

In addition to the uses above mentioned the quack doctor employs ar- 
senical pastes for the removal of all growths denominated by him cancer, 
including any and every excrescence upon the person of any of his dupes. 

Preparations. — Metallic arsenic is but little used except in the finely 
divided form known as fly poison. When pure its toxic effect is not great, 
and it easily undergoes oxidation, and is converted into highly poisonous 
compounds. Especially is this true when the metal is exposed to the air 
in the finely divided state. 

Arsenous oxid is the preparation generally known as arsenic. It is 
prepared by roasting and subliming arsenical ores, and condensing the 
oxidized volatile products in hoods, or in chimneys arranged for this 
purpose. Arsenous oxid is found in the market in two forms, the white 
powder and the solid, vitreous mass. These are of the same chemical 
composition, and the difference in appearance is due to the fact that iu 
the preparation the sublimed arsenic is sometimes deposited upon hot iron 
hoods, and is fused into a vitreous mass. This, when powdered and ex- 
posed to the air, becomes the white arsenic, which is the form most fre- 
quently seen. Arsenic is only sparingly soluble in water, and when mixed 
with it rapidly forms a deposit. At 15° 0. the amorphous variety is 
soluble in water in the proportion of 1 to 108, and the crystalline 1 to 
355. In boiling water the former dissolves 1 to 30, and the latter 1 to 46. 
It is readily soluble in both acids and alkalies, forming with the latter the 
arsenites and arsenates employed in medicine. It crystallizes in octa- 
hedra, which are easily recognized under a low-power microscope. It is 
practically without taste, although some find it sweet, or salty, or metallic. 
At any rate, the taste is not characteristic or pronounced, and this fact 
aids the criminal in its administration. The sulphids are hut little used, 
and only indirectly concern the toxicologist. They are very feebly soluble 
in dilute hydrochloric acid, and when administered in granules may pass 
through the alimentary canal without harm. The most frequently used 
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medicinal preparation is a one per cent, solution of arsenite of potash 
generally known as Fowler’s solution, which, on account of its dilution 
and from the fact that it seldom falls into the hands of any one outside of 
the medical profession, is rarely used for either suicidal or homicidal 
purposes. 

Poisonous Action. — Arsenic is a universal poison to the higher animals 
and so far as we know there is no vertebrate immune to its effects, al- 
though susceptibility varies within wide limits. For unicellular organ- 
isms arsenic apparently is not a poison, but many invertebrates are mark- 
edly susceptible to its action. Not only are all of the higher animals sus- 
ceptible to arsenic, but it is poisonous to all kinds of tissues. It produces 
deleterious effects when applied to the unbroken skin, when it comes in 
contact with mneous surfaces, and when administered subcutaneously, and 
when inhaled in a gaseous form. When applied locally in sufficient quan- 
tity it causes necrosis of tissue, and when administered internally it will 
alter the composition of the blood, cause atrophy of the muscles, modify 
the growth of hone, and induce pathological changes in the nerves. Au- 
thorities are not altogether in harmony concerning the modus operandi 
of this poison. It is generally believed that it induces cellular death by 
its direct local effect as an irritant, and its corrosive action has been at- 
tributed to the avidity with which it is said to combine with proteins. But 
Binz and Schultz claim that there is no albuminate of arsenic, and that 
it has, properly speaking, no corrosive action. These authorities hold that 
the poisonous action of arsenic is due to the readiness with which it gives 
off and takes up oxygen. Arsenous acid is a reducing agent, while the 
arsenic compound is equally effective in causing oxidation. The above 
mentioned authorities show that various animal and vegetable substances 
at body temperature reduce arsenic acid to arsenous, and oxidize the latter 
to the former. Both of these processes are quickly wrought, both within 
and without the body. The sudden and continued withdrawal of oxygen 
from one molecule and its transference to another are believed by Binz 
to be the true explanation of both the therapeutic and toxic action of 
arsenic. Tie states that the most important lesions induced by arsenic are 
found in those tissues which are especially endowed with the function of 
receiving and utilizing the oxygen of the blood, such as the glandular 
protoplasm. 

Symptoms, — The symptoms of arsenical poisoning are subject to wide 
variations, depending upon the form of administration, the amount given, 
the readiness with which it is absorbed, and the idiosyncrasy of the in- 
dividual. On the one hand, it is unwise to deny arsenical poisoning, 
because certain prominent symptoms are absent and, on the other hand, 
it is equally unscientific to positively diagnose arsenical poisoning, even 
when the most typical symptoms are plainly developed. There are other 
forms of intoxication the symptoms of which cannot he positively distin- 
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guished from those of arsenical poisoning, and there are certain diseases 
which may closely simulate the action of arsenic. It should be plainly 
understood that, while the symptoms may justly cause suspicion, a positive 
diagnosis of arsenical poisoning, or its exclusion, cannot be predicated 
upon symptoms only, and in all cases which arouse suspicion the presence 
of this poison must be determined chemically before positive statements 
can be made. Roughly speaking, we can divide cases of arsenical poison- 
ing into the following groups : (1) Acute; (2) subacute; (3) chronic. 

Acute Poisoning . — When a large quantity of arsenic is taken into the 
stomach, or otherwise introduced into the body, the first symptoms gener- 
ally appear within two hours, and consist of a sensation’ of faintness, gen- 
erally referable to the region of the stomach. This is soon followed by 
nausea and vomiting, which frequently continue until death. The vom- 
ited matter first consists of any food material that may be in the stomach, 
then of mucus, generally stained with bile and sometimes streaked with 
blood. The vomiting is accompanied by a burning sensation in the stom- 
ach, dryness in the mouth and fauces, and marked thirst. Usually the 
vomiting is followed by severe purging, accompanied with tenesmus. The 
stools at first consist of the contents of the large bowel, and later become 
more choleraic in character, and are designated as “rice water.” The con- 
tinued vomiting and purging lead to symptoms of collapse, and the face 
becomes white, the lips blue, the eyes sunken, and the skin cold and 
clammy. Usually the patient dies within twenty-four hours, death being 
preceded sometimes by coma and convulsions. It will be seen that these 
symptoms resemble those of Asiatic cholera, and may be mistaken for 
violent forms of food poisoning. During the prevalence of cholera epi- 
demics the physician may have great difficulty in distinguishing between 
this disease and arsenical poisoning and, indeed, he could do so only by the 
detection of the bacillus of the disease, or by the recognition of the poison. 
However, the difficulty that is most likely to arise is the differential diag- 
nosis between arsenical poisoning and cholera nostras, and this difficulty 
is increased by the fact that this disease is not due to a specific micro- 
organism. Therefore the physician must at first rely upon his suspicions, 
and subsequently upon the chemical demonstration of the presence of the 
poison. Arsenic may be detected in the vomited matter as a white powder, 
and identified microscopically and chemically. 

In rare instances of arsenic poisoning the symptoms of gastrointestinal 
irritation may be largely or wholly absent The patient immediately falls 
into a condition of collapse, with weak pulse and clammy skin, cold ex- 
tremities, and coma or convulsions supervene and terminate in death. 
These symptoms are supposed to be due to the rapid absorption of the 
poison, and are more commonly met with when the poison has been ad- 
ministered in soluble form, although they may result from the introduction 
of large quantities of white arsenic into an empty stomach. Cases of this 
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kind Lave been known to terminate fatally in one boor, and Taylor reports 
a case with fatal termination within twenty minutes ; hut one or two cases 
of ultimate recovery have been reported. This is known as the narcotic 
type of arsenical poisoning. 

In acute poisoning death invariably occurs within twenty-four hours; 
in the majority of instances within less Ilian half this time, and it may 
happen in less than an hour. The mortality, even when prompt and 
proper treatment is employed, is about 50 per cent. 

Subacute Poisoning . — When smaller quantities are administered, or 
when much of the poison is eliminated by vomiting, or neutralized by the 
administration of antidotes, the above mentioned symptoms come on more 
slowly, are less marked in character, and continue for a longer time. In 
cases of this kind vomiting is the most common symptom. There is pain 
in the stomach and over the abdomen, which is usually distended and ten- 
der to the touch. The skin becomes dry and warm, and sometimes is cov- 
ered with a rash. Death usually occurs in from two to twelve days, al- 
though it may appear earlier, or be delayed, and it may be preceded by 
delirium or coma. In subacute cases it not infrequently happens that the 
vomiting ceases the second or third day, and there is apparent improve- 
ment, when a low fever, with dry tongue and rapid pulse, sets in, followed 
by cutaneous eruption, with mild delirium; death usually occurs in these 
eases from the sixth to the tenth day. 

Chronic Poisoning . — Chronic arsenical poisoning is subject to great 
variation in the development and intensity of the symptoms. Frequently 
it is accompanied with some lesion of the skin. Arsenic rashes are for 
the most part of the erythematous type, hut papules, vesicles, ulcers, pus- 
tules, and gangrene have been reported. The long-continued therapeutic 
administration of arsenic may he followed by pigmentation of the skin, 
which is generally most marked over the upper covered portions of the 
body, and may extend to the hands and face. The effects of arsenic on the 
skin have led to the supposition that the poison is eliminated through this 
avenue, and Brouardel and Pouchet, have detected arsenic in the skin, nails, 
and hair of persons poisoned with it. Lardy there is observed a form of 
cutaneous pigmentation known as arsenical melanosis. This is due to the 
deposition of a nonarsenical decomposition product of hemoglobin in the 
skin. The epidermis becomes dark brown, and this color is, as a rule, most 
marked over the neck and extremities, although it has been observed in the 
axillae and popliteal spaces. Microscopical examination shows reddish, 
brownish, or black granules about the lymph vessels of the papillae, and in 
rare instances this pigment is deposited so abundantly that it forms small 
tumors. Chemically this coloring matter is identical with the bilirubin 
of the bile, and with the hematoidin crystals found in various parts of the 
body where there have been extravasations of the blood. While poisonous 
doses of every form of arsenic have more or less destructive action on the 
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coloring matter of the blood this effect is most marked when the poison is 
inhaled in the gaseous form. The urine becomes dark red, and even black, 
from the disintegration of the red corpuscles. Formed elements in the 
urine, such as epithelial cells and spermatozoa, may be stained brownish 
red or yellow. The broken-down hemoglobin is converted into bile pigment 
so rapidly that icterus is soon observed, and after twenty-four hours the 
skin may be quite thoroughly bronzed. Stadelmann studied the action of 
this poison on dogs with biliary fistulse, and found that the amount of 
bilirubin was increased twenty times. 

Arsenical paralysis may result from either acute or chronic poisoning, 
though more rarely from the latter, and from either internal administra- 
tion or external application. There may be no evidence of it after large 
doses, and it may result from relatively small quantities. Why it appears 
in some cases and not in others has not been satisfactorily explained. Jac- 
coud thought it most common in alcoholics, but this has been denied by 
others. The paralytic affections vary in intensity from slight weakness to 
complete loss of motion, and they may be either transitory or permanent. 
They may set in with the first symptoms of gastric irritation or may be 
tardy, first appearing weeks after other symptoms have manifested them- 
selves. Disturbances of motion are generally confined to the extremities, 
but there are some cases- reported in which the muscles of the trunk have 
been involved. The four extremities are affected in most instances, but 
the legs are involved more frequently than the arms. Sometimes there 
is hemiplegia, but more often the paralysis is symmetric. It is most 
marked in the distal parts, the fingers and toes, and grows less evident 
nearer the trunk. Paralysis is always associated with muscular atrophy, 
which is characterized by its early appearance and rapid development. 
The atrophy may be degenerative or simple. Diminished response to 
faradic and galvanic stimulation is observed. The marked atrophy of the 
muscles of the extremities gives to the patient a peculiar appearance ; espe- 
cially in cases following acute arsenical poisoning it happens that the face 
and trunk appear quite healthy, while the limbs are shrunken. The sub- 
cutaneous fat on them disappears, and the nails become diseased and may 
fall out. The skin of the extremities is withered and dry except over the 
hands and feet, which are often bathed with cold perspiration. Sometimes 
there are ulcers. Edema is rarely observed. The tendon reflex is absent 
in all cases ; the skin reflex has not been well studied. In some cases there 
are contractures, especially of the knee joint. These are due to unequal 
involvement of individual groups of muscles. Disturbances of sense ac- 
company those of motion, and sometimes the former predominate. Pain is 
rarely absent, and in many cases it becomes the most distressing symptom. 
The histological changes which accompany these abnormalities of motion 
and sensation have not been closely studied. Popoff concluded from his 
experiments upon animals that arsenic induces a central myelitis, and that 
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the peripheral nerves remain unaffected ; but more recent studies show that 
changes occur in the nerves and that arsenical polyneuritis does not differ 
from that induced by other toxic agents. There are proliferative changes 
in the neurilemma, and the inflammation may be exudative. Regeneration 
may occur, as it does after experimental division of nerves. Cases of 
paralysis of nerves not usually involved are known ; such are the instances 
of anaphrodisia, reported by Biett, and later by Charcot; also of paralysis 
of the vocal chords observed by Mackenzie. 

Post-mortem Appearances. — When an autopsy is held soon after death 
the skin is generally cyanotic, sometimes slightly icteric, and the body may 
he much reduced in flesh, even in cases of acute poisoning. The mucous 
membrane of the mouth, pharynx, and esophagus usually shows no abnor- 
mality. However, Husemann reports a case of aphthous formations on 
the lips and tongue and swollen uvula. Maschka describes a case of well* 
marked glossitis. In a large percentage of eases gastritis is more or less 
marked. Although the greater part or the whole of the mucous membrane 
of the stomach may be irritated, almost invariably there are areas in which 
the inflammation is deeper than elsewhere. The erosion varies greatly in 
intensity. It may be confined to the mucous membrane, or it may pene- 
trate all the coats of the stomach and cause perforation. As long ago as 
1753 Sproegcl showed that these characteristic lesions result not only when 
arsenic is taken by the mouth, but also when it is absorbed from wounds ; 
and since that time they have been frequently induced experimentally in 
the lower animals by the hypodermic administration of neutral solutions 
of arsenic. The pathogenesis of the gastric lesions has been a matter of 
some dispute among toxicologists. It has been generally assumed that the 
erosions are due to the local action of the poison ; but, in view of the fact 
that they are produced by the absorption of arsenic when applied to raw 
surfaces, and follow hypodermic administration, Taylor and others have 
claimed that arsenical gastritis is a specific effect of arsenical poisoning, 
and is not due to local action. On the other hand, Virchow properly 
states that the gastritis of arsenical poisoning cannot he considered specific, 
for the same condition, with cloudy swelling, and a tendency to fatty de- 
generation in the glandular cells of the stomach are observed not only after 
poisoning with arsenic, antimony, or phosphorus, but also as a result of 
certain infectious diseases, suoli as small-pox. However, this explains 
nothing. It only gives a wider interest to the study of the pathogenesis of 
toxic gastritis. To say that the poison of small-pox induces in the stomach 
lesions similar to, or identical with, those induced by arsenic cannot he ac- 
cepted as a satisfactory explanation of how the poison in either case causes 
these pathological changes. Moreover, it is altogether possible that the 
mode of action of the two poisons may be unlike, notwithstanding the fact; 
that identical results are reached. 

Binz and Schultz have endeavored to explain the gastric lesions in ac- 
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cord with their theory of the action of arsenic, which has already been 
given. They hold that in the alimentary canal there are certain “predi- 
lection” places in which the poisonous action of arsenic is most marked, 
and that the peptic glands constitute one of these localities. Bohm has 
suggested that the arsenical lesions of the stomach may he due to partial 
paralysis of the hlood vessels of this organ. Hermann thinks it possible 
that arsenic may affect the peripheral nerves of the stomach, and thus in- 
directly so influence the local hlood supply as to lead to inflammatory 
changes, and even to hemorrhagic erosions. Eilehne found in some experi- 
ments upon rabbits that the gastric erosions do not occur when the con- 
tents of the stomach are kept neutral or alkaline, and he concludes from 
this that the lesions are due to self-digestion of the walls of the stomach; 
but he fails to explain how the arsenic makes self -digestion possible. 

When applied en masse to the mucous membrane arsenic has a locally 
destructive action. Hoffmann reports a case which illustrates this nicely. 
He found a putty-like mass of arsenic in the stomach, and directly under 
it, of the same size and shape, an erosion. It is also true that arsenic ad- 
ministered hypodermically is eliminated by the mucous membrane, but 
it is difficult to believe that when thus given it can accumulate in sufficient 
quantity in certain small areas to cause severe and deep erosions. It will 
be seen, therefore, that the pathogenesis of the gastric lesions of arsenical 
poisoning must be left without satisfactory explanation for the present. 

In cases where a large amount of white arsenic has been given by the 
mouth close inspection, especially with a magnifying glass, may reveal un- 
dissolved particles of the poison. When the examination is made some 
days after death yellow spots may sometimes be found in the stomach or 
large intestine, or in both. That these colorations are due to the sulphid 
of arsenic has been affirmed by some and denied by others. In several in- 
stances the writer has, by analysis, detected arsenic in these yellow spots. 
Brown and Davies examined similar stains in the stomach and intestines, 
and found only traces of arsenic; and conclude that the coloration was 
due to some decomposition product of the bile pigment. However, the evi- 
dence adduced from this conclusion is open to criticism. Frequently the 
wall of the stomach or intestine is stained through so that the coloration 
may be seen on both the mucous and serous surfaces. Hoffmann has shown 
that the sulphid of arsenic may be formed in the body as early after death 
as two days. He points out the fact that knowledge of the formation of 
this compound so soon may be of great importance, since realgar and 
orpiment may be employed in suicide, but neither would likely be used with 
murderous intent. His experiments enable him to state positively that the 
finding of the sulphid in the alimentary canal two days or longer after 
death is no proof that the arsenic was taken in this form. 

The mucous membrane of the stomach may be thickened, and at cer- 
tain points it may be stained with blood, and on attempting to wash these 
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stains away it will be found that the mucous membrane has been detached 
from the subjacent tissue, and is also removed. In some instances deep 
necrotic changes may be observed. Even when macroscopic lesions are not 
detectable there is an infiltration of the tissue, with round cells, a condi- 
tion which has been designated by Virchow as gastroadenitis arsenicalis 
parenchymatosa. The upper portion of the small intestine may show al- 
terations similar to those observed in the stomach. Multiple ecchymoses 
may be found along the intestinal tract. The contents of the small intes- 
tine are often thin and watery, and similar to the rice water stools of 
cholera. The solitary follicles and Peyer’s patches may be markedly in- 
filtrated. The alt (‘rations in the large intestine may be slight or more 
apparent. Frequently the epithelial layer is removed from areas more 
or less extensive, and the mucons membrane is infiltrated with white blood 
corpuscles. In animals the above mentioned changes in the alimentary 
canal may be observed, according to Pistorius, within two or three hours 
after subcutaneous administration, and within forty minutes after in- 
travenous injection. 

Histological Changes. — The lesions induced in the liver and kidneys by 
arsenic are for the most part microscopic. Only in exceptional instances 
has fatty degeneration progressed so extensively that it can be recognized 
by the unaided eye. Ziegler and Obalowsky have made a histological 
study of these organs, and the following statements indicate their findings: 
Patty change in the liver cells is never absent, and is characterized by 
small drops in the protoplasm. The fatty changes seldom involve any large 
portion of the cells, blit there aro exceptions to this, and in some instances 
the alterations are as marked as in phosphorus poisoning. In many in- 
stances the fatty change is the only detectable alteration, bnt in others 
there may be cloudy swelling and increase of individual cells. The 
nuclei often stain imperfectly, or fail to stain altogether. Granules stain- 
ing with saflfranin may be seen in the protoplasm, showing that the nuclei 
have been broken down. Sometimes individual cells are seen to be 
shrunken and homogeneous, appearing brown in stained preparations, and 
showing colored granules instead of nuclei. That the cells involved in 
some of these alterations are still capable of multiplication is shown by 
the observation of typical karyokinetic figures. It may be remarked in 
this connection that in the examination of the liver of rabbits long under 
the influence of arsenic one gets the impression that the number of double 
nuclear cells is greater than normal. These proliferating cells may be 
observed in different parts of the acini, and it cannot be said that they 
have any loca 1 relation to any necrotic foci. 

Most of the Kupffer cells are filled with fat drops, and in poisoning 
of short duration fatty changes are often more advanced in these than in 
other cells. Fatty changes in the intraacinous capillaries are seen here and 
there. These may he observed in animals which have been treated with 
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arsenic for only two days, but the best examples are found after from 
eleven to seventeen days. As proliferative phenomena there are observed 
swelling of the endothelial nuclei, increase of chromatin, and the appear- 
ance of typical karvokinetie figures. The proliferating cells are sometimes 
round, and sometimes they put forth processes which cross the lumen and 
attach themselves to the opposite wall of the capillary. 

The periportal connective tissue is often found to be in a state of pro- 
liferation, which is indicated partly by the presence of more or less abun- 
dant karyokinetic figures, partly by the increase of cellular elements, and 
by the presence of numerous cells with large nuclei and rich in proto- 
plasm. These changes can be seen in animals which have been only two 
days under the influence of the poison, but they become more marked after 
two or three weeks. 

In the epithelium of the bile ducts there is a multiplication of the cells 
simultaneously with the proliferation of the connective tissue. After pois- 
oning of long duration there often appears to be a formation of new bile 
duets. However, the number of bile ducts in the periportal tissue of rab- 
bits is normally so great that a positive statement on this point cannot be 
made. Changes strictly attributable to an inflammatory condition are not 
prominent. However, single leukocytes are observed in the proliferating 
areas, and sometimes the intraacinous capillaries contain many leukocytes. 
In point of time or place the proliferation shows no recognizable depen- 
dence upon the degeneration. 

In acute arsenical poisoning hemorrhagic spots may be found not only 
in the alimentary canal, as has been stated, but also in the muscles, pan- 
creas, lungs, and in serous membranes, and in the endocardium. The pres- 
ence of ecchymoses in the endocardium of the left ventricle is frequently 
observed, and is regarded by some as pathognomonic of arsenical poison- 
ing. However, similar ecchymoses may result from violent retching, due 
to any cause, and are common after death from failure of respiration. In 
chronic arsenical poisoning fatty changes may be observed not only ill the 
organs mentioned, but also in the muscles, including those of the heart and 
diaphragm, and in the mesenteric glands. 

Poisonous Dose. — The extent to which arsenic is tolerated varies mark- 
edly in different individuals, and it is impossible to make any exact state- 
ment concerning the amount necessary to produce injurious effects. In 
some persons arsenic apparently has a cumulative action, although this is 
the exception and not the rule. In such instances small doses continued for 
relatively short periods may produce evidences of chronic poisoning. 
Thus, Putnam (60) mentions a case of arsenical neuritis which was in- 
duced by the administration three times a day of four or five drops of 
Eowler’s solution, continued for a month. However, there must be thou- 
sands of cases in which this and even larger amounts have been given for 
longer periods without ill effects. Usually one half grain of white arsenic 
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is sufficient to cause retching and vomiting in adults, and two grains, pos- 
sibly less, may cause death. A case is reported in which a woman took 
about one half an ounce of Fowler’s solution in divided quantities during 
a period of five days, and died on the fourth day after the last dose. It 
must he evident that the condition of the individual and the form in which 
the poison is administered have a large share in determining its effects. A 
common claim of the defense in trial for arsenical poisoning is that this 
poison is cumulative, and when given in medicinal dose it may accumulate 
in the stomach or other organ, and an attempt is made to account for the 
amount found by the chemist in this way. The writer has known a phy- 
sician to swear that the more than two grains of arsenic found in the stom- 
ach by the chemist could be thus accounted for. It should be stated that 
this is impossible, and the claim is a subterfuge on the part of the lawyer, 
and an evidence of either venality or ignorance on the part of the man who 
claimed to be a medical expert. Arsenic, when given in medicinal doses, 
cannot accumulate in the body without inducing symptoms until a fatal 
quantity is stored up, and then suddenly kill. In fact, there is no poison 
that will act in this way, and in this sense there are no cumulative poisons. 
The words “cumulative poison” have too frequently been used by shrewd 
lawyers for the purpose of creating a “reasonable doubt” in the minds of 
the jury, and the medical man who aids in this deception is no credit to 
his profession. 

Arsenic Eating. — Much has been said concerning the habit of eating 
arsenic, but, so far as we can learn, this is not a practice followed to any 
appreciable extent in this country. Pcllew (50) mentions a case tried in 
Delaware County, New York, in 1801, in which it seems to have been 
shown that the deceased, who was a hostler, had Ibis habit; and the same 
author states that a physician reported one case among the demi-monde of 
New York, and that he believed others of the same class indulge in this 
practice. Certain German authorities toll big stories of arsenic eaters in 
Louisiana, who arc said to be immune to all infectious diseases. These 
so-called Arsenikophagites are designated as “dippers,” and we are in- 
clined to the belief that our Teutonic cousins have either confounded snuff 
dipping with arsenic eating, or have been listening to fairy stories. In the 
Maybrick case, which for so many years attracted attention both in Eng- 
land and in this country, it was claimed by the defense that the victim was 
an arsenic eater. However, the evidence on this point depended solely 
upon the testimony of a colored servant whose story was not worthy of 
belief. During the first part of the 19th century several articles were pub- 
lished in Austria describing the Arsenikophagites, or arsenic eaters, of 
Styria. It was stated that the mountain climbers of this region acquired 
the arsenic habit for the purpose of improving their appearance, of in- 
creasing their strength, and as a health preservative. This matter was 
investigated in 1864 by Maclagan (50), who found a number of arsenic 
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eaters and was convinced that the previous reports were true. Maclagau 
administered weighed quantities of arsenic to some of these individuals 
and detected its presence in the urine. It was found that most of these 
people ate orpiment, but they were quite ready to swallow white arsenic 
as well, having no preference for the yellow compound, and resorting to its 
use solely because it was somewhat more easily obtained. To what extent 
arsenic is now used in Styria we do not know. 

Treatment. — The treatment of acute arsenical poisoning in order to he 
effective must be prompt and thorough. If a stomach tube is at hand it 
should be used, because this method of washing out the stomach is more ef- 
fective than that of resorting to emetics. The washing should be fre- 
quently repeated, and it is well to use dilute solutions of sodium bicarbon- 
ate, because white arsenic is more soluble in dilute alkali than in water. 
The large intestine should also be thoroughly washed. This is best ac- 
complished by passing a rectal tube up as high as possible, and thoroughly 
flushing the colon. When the stomach tube is not at hand reliance must 
be placed upon emetics. Tickling the fauces with a finger may be re- 
sorted to immediately, and later warm water and mustard should be freely 
used. Emesis is more complete 'when induced by sulphate of zinc, tartar 
emetic, or apomorphin. It should be borne in mind that crystals of white 
arsenic or Paris green adhere most tenaciously to folds of the mucous mem- 
brane, and every effort should be made to thoroughly dilate the stomach 
while washing it out. This is one of the reasons why the stomach tube is 
more efficient than vomiting. Through the tube water can be poured in 
until the stomach is distended, and when this is done the probability of 
thoroughly removing the arsenic is increased. The physician called upon 
to treat a case of acute arsenical poisoning must realize that the work of 
cleaning out the stomach and large intestine should be most thoroughly 
done. After the stomach has been washed several times with a dilute solu- 
tion of sodium bicarbonate a large amount of ferric hydrate should be ad- 
ministered. This may be prepared by treating a solution of ferric chlorid 
or sulphate with an excess of ammonium hydrate, or sodium bicarbonate, 
and straining through a cloth. The precipitate is the portion adminis- 
tered. If a solution of ferric sulphate can be precipitated with magnesia 
filtration is not necessary, and the precipitate, suspended in the fluid, may 
be administered in this form. Magnesia is preferable to ammonic hydrate, 
for the reason that when the latter is added the precipitate must be re- 
moved from the menstruum in which precipitation has been induced; 
otherwise harm might come from excess of ammonia. When magnesia is 
employed an actual benefit may be secured from the sulphate of magnesia 
by its action as a purgative, Eurthermore, magnesium hydrate is itself 
a chemical antidote to arsenic, scarcely inferior to ferric hydrate, and a 
mixture of the two is preferable to either used singly. In any case it is 
better to wash out the stomach two or three times after the antidote has 
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been administered, bnt after each, washing a new portion of the antidc 
should be given. Ferric hydrate is inert, and there is no danger of a 
ministration in too large quantity, but the physician must bear in mil 
that ferric hydrate combines with arsenical preparations slowly and son 
what imperfectly, and for this reason thorough washing of the stomach a 1 
intestines should never be omitted, should always precede the administi 
tion of the antidote, and should he repeated several times after its admi 
istration. Both Paris green and white arsenic are removed with eqr 
difficulty from mucous membranes, and too much reliance must not 
placed on the antidote. Indeed, animal experiments fail to show mu 
benefit in the use of these chemicals. After the stomach and large inti 
tines have been cleansed as thoroughly as possible a purgative of some ki 
should he administered for the purpose of clearing out the contents of t 
small intestines which cannot be reached by irrigation. Either castor < 
or a saline purgative may he used for this purpose. In most cases 
chronic arsenical poisoning recovery, partial or complete, provided tb 
histological changes are not too far advanced, follows the discontinuai] 
of the use of the poison. 

Several investigators have attempted to prepare an arsenical antitos 
serum, and at one time Besredka believed that he had been successful, \ 
subsequent studies have shown that this was an error. 

Unusual Forms of Poisoning. — The external application of arsen 
especially to abraded surfaces, may lead to either acute or chronic poise 
ing. In 1878 seventeen children in a foundlings’ hospital in England we 
killed by the use of a chafing powder which contained nearly 40 per cei 
of white arsenic. Cancer doctors sometimes cause acute poisoning, a 
even fatal results, by the application of arsenical ointments to ulcers a 
other sores. Criminal poisoning has been accomplished by the introdi 
tion of arsenic into the rectum or the vagina. 

Antimony 

Occurrence. — Antimonial ores are widely distributed in nature. T 
most important is stibnite, known as black sulphid, in which form ar 
monv has been employed from prehistoric times. The women of the o 
cntal races used it as a cosmetic, as is shown by references in both saci 
and profane literature. The question concerning the origin of the na- 
antimony is one which has been much discussed and differently answer) 
It is most likely of Arabic derivation, but there is a story told concerni 
this name which is more interesting, if not so true. Basal Valentine wai 
German monk of the 15tli century, who spent the greater part of his tf 
as an alchemist. He certainly did investigate some of the preparatic 
of antimony, and wrote a treatise laudatory of the medicinal value of 1 
compounds of this element. The title of the book, Gurrus triumpha 



MINERAL POISONS 


693 


antimonii , is sufficient to indicate the style in which it was written. Ac- 
cording to the story, this old monk threw some of the material upon which 
he had been at work to some hogs kept at the monastery, and observed that 
although some of these animals were somewhat violently purged by these 
preparations they speedily recovered and afterward grew sleek and fat. 
Thinking that a preparation which had proved to be so good for hogs 
might also be of value to monks, he is said to have fed some of his prepara- 
tions to his brothers in the monastery, and as a result of it all died. Val- 
entine then decided to call this substance anti-monk, which has since been 
corrupted into antimony. 

Paracelsus loudly proclaimed the medicinal virtues of the antimonial 
preparations, and their abuse became so frequent that in 1556 the medical 
faculty of Paris decided that no reputable physician should use them, and 
they were condemned as poisons. Undoubtedly at that time tartar emetic 
was so largely used for criminal purposes that the reputable part of the 
medical profession decided not to employ it in any form. However, in 
later years, after the stigma had been removed, its use by regular prac- 
titioners was again countenanced, and antimony, especially tartar emetic, 
has continued among the pkarmacopeial preparations down to the present 
time, although it is now but seldom used. 

Preparations.- — Metallic antimony is a grayish white substance, prac- 
tically non-poisonous and incapable of oxidization at ordinary tempera- 
tures. When heated it is converted into the oxid, which resembles the cor- 
responding compound of arsenic. The sulphid is occasionally used in vet- 
erinary medicine, but otherwise it is seldom seen. The chlorid, also known 
as butter of antimony on account of its color and consistency, was once 
quite extensively used for local applications and as a bronzing fluid, and 
cases of accidental or intentional poisoning with it occasionally occurred. 
Tartar emetic, or the double tartrate of antimony and potash, is prepared 
by heating the oxid with cream of tartar. It forms a white crystalline 
powder which is soluble in twelve parts of water at 20° 0., and in three 
parts of boiling water. This is the form in which antimony is now most 
frequently found. However, its medicinal use has greatly decreased within 
the last thirty years. It was formerly employed both as an emetic and 
purgative, and was also much esteemed as an expectorant, and it figured 
as a constituent of certain household remedies, such as “Hive syrup.” In 
the arts tartar emetic is now extensively employed as a mordant, and its 
presence in articles of clothing occasionally gives rise to certain skin af- 
fections. Co mm ercial tartar emetic may contain traces of arsenic. When 
heated on charcoal globules of metallic antimony are formed along with an 
incrustation of the white oxid. Heated in a reduction tube it blackens 
and yields carbon and the metal. 

Poisonous Action. — The double tartrate acts so violently as an emetic 
and purgative that when administered even with criminal intent and in 
46 a 
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large doses the most of it is expelled from the body without serious harm 
to the individual. The purging after large doses is severe, and the dis- 
charge of rice-water stools abundant. Blood may appear in both vomit 
and stools. In its effects antimony, if possible, presents a clinical picture 
more closely resembling that of a severe form of Asiatic cholera than is 
seen in arsenical poisoning. Upon the mucous membrane of the alimen- 
tary canal the action of antimony differs from that of arsenic most notably 
in the appearance of aphthous patches in the mouth, esophagus, and stom- 
ach. Indeed, the local effect of arsenic is less marked than that of anti- 
mony. Sclimiedeberg accounts for this on the ground that preparations 
of arsenic are absorbed more readily than those of antimony. It is on 
account of its marked local irritation of the stomach that antimony, acting 
reflexly, becomes the powerful emetic that it is. The lesions produced in 
other organs by antimony are practically identical with those induced by 
arsenic. 

In fatal cases collapse may come on early, and may be most profound. 
The pulse becomes rapid and weak, the face ashy pale, the eyes sunken 
aiul glazed, the skin cold and clammy, and death may result from ex- 
haustion, or it may be preceded by wild delirium or severe convulsions. 
However, recovery, even after marked collapse, is not impossible. Some 
years ago four women wore employed during the vacation to scrub the 
floors of the writer’s laboratory. On the first day they found a large bottle 
of sherry wine, which they proceeded to exhaust, and at the same time 
make themselves merry. The next day they found a large bottle of wine 
of antimony, and, doubtless presuming that this was only another brand 
of good wine, they proceeded to empty this bottle. The writer found them 
prostrated, and it was quite evident that each had vomited and purged 
abundantly, but by the hypodermic use of the aromatic spirits of ammonia 
the heart was kept going, and all ultimately recovered. There are cases 
reported in which vomiting and purging are slight, or wholly absent, and 
in which death apparently occurs from the effects of the poison upon the 
brain. In former times, when preparations of antimony were more fre- 
quently employed, chronic cases of poisoning were not unknown. Indeed, 
one can he fatally poisoned by tlie administration in broken doses of a 
quantity of this substance, which, when administered in a single dose, 
would have no other effect than that of inducing violent vomiting and 
purging. 

The symptoms usually come on immediately after the administration 
of the poison, and a child has been known to die within an hour from the 
effects of three-quarters of a grain of tartar emetic. In another case where 
a young adult had swallowed an unknown quantity death occurred in seven 
hours, and was preceded by severe vomiting and purging. In a third case 
death resulted in ten hours from GO grains of tartar emetic taken by a 
robust man of about 30 years of age. Immediately after swallowing the 
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poison vomiting and purging began, "but a few hours later these ceased, 
the patient became insensible, fell into coma, and this deepened into death. 
Tartar emetic may be absorbed through the unbroken skin, and when ap- 
plied to the surface it is likely to produce pustules. It is more readily 
taken up from abraded surfaces and wounds, and may in this way cause 
death. In a case reported by Ilayser brownish-red cotton hose caused 
marked eczema, and 85 mg. of soluble antimony compound was obtained 
from each square centimeter of the hose. In a similar case reported by 
Smeltner the hose contained 171 mg. of soluble antimony compound per 
sq. cm. 

Poisonous Dose. — A half grain of tartar emetic may produce violent 
symptoms in an adult, and a slightly larger quantity may prove fatal to 
children. It is usually stated that the smallest dose fatal to adults is about 
two grains. However, recovery may occur after very large doses, on ac- 
count of the fact that the greater part of the poison is expelled by the 
vomiting and purging. Death may occur after many weeks or months 
from ulceration of the stomach and intestine. 

Treatment. — There is no known chemical antidote for tartar emetic, 
and the physician called to treat a case of poisoning with this substance 
should immediately and thoroughly wash out the stomach and bowels. 
With a stomach tube the poison may he removed more thoroughly and with 
less exhaustion to the patient than can he done by vomiting. Therefore it 
matters not how frequently and constantly retching and vomiting may he 
going on, the physician should, if possible, immediately introduce the 
stomach tube, and thoroughly wash out this organ. At the same time the 
large intestine should he thoroughly flushed with water. After the stom- 
ach has been cleansed demulcent drinks, such as barley water, or strained 
oatmeal gruel, may be administered with benefit, inasmuch as they tend to 
allay the irritation caused by the local action of the poison. Much stress 
has been placed upon the use of astringent infusions, such as green tea, 
oak hark, etc., and it is possible that these may be of service, not on ac- 
count of any combination with antimony, hut from the local effects upon 
the inflamed tissue. However, it should he plainly understood that no re- 
liance can he placed in any antidotal action of these substances. After the 
poison has been removed the administration of opiates may he resorted to 
for the purpose of allaying the irritation. 

Post-mortem Appearances. — As has already been stated, the post-mor- 
tem appearances after poisoning from antimony differ from those induced 
by arsenic largely in the more destructive local changes produced by the 
former. Especially are these differences observable in the local action of 
the poison on the mucous membrane of the mouth, fauces, and esopha- 
gus. Where death has been delayed for some days the body may be cov- 
ered with a pustular eruption, which, however, is not characteristic of this 
poison. 
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Mercury 

Occurrence. — Wliile metallic mercury is sometimes found free in na- 
ture it is generally prepared by heating the red sulphid, which is the most 
important mercurial mineral, and is known as cinnabar. The preparations 
most largely used in medicine are mercurous ehlorid and mercuric chlorid. 
The extensive employment of mercuric chlorid, known also as corrosive 
sublimate, as a disinfectant has given great opportunity for accidental 
poisoning. Metallic mercury, used in filling thermometers and barometers, 
and in making mirrors, is so slightly poisonous that harm is not likely to 
come from it. It is usually stated that metallic mercury is wholly devoid 
of poisonous properties, and instances are known in which it has been swal- 
lowed in large amounts and has simply passed through the alimentary- 
canal without being absorbed, and consequently without doing any per- 
manent injury. Dr. Cox, of South Iladley, Mass., has presented the Medi- 
cal Museum of the University of [Michigan with a bottle containing three 
ounces of mercury, and accompanied by the following explanatory note: 
“Mount Ilolyokc College extends its campus quite around the ancient 
cemetery of the town, which dates from the days of the [Revolution. In 
1905 it became necessary to exhume 500 of the bodies interred therein to 
make ready for the ‘Gaylord Memorial Library/ donated to the town. In 
two of the graves was found a quantity of 'quicksilver/ the old-fashioned 
remedy for ‘stoppage/ grievously known to latter day medics as ‘ap- 
pendicitis.* The last desperate act in the drama, and seemingly the worst 
and most barbarous one that could possibly be devised, was to administer a 
double teaspoonful of ‘quicksilver/ and if it successfully navigated and 
gravitated the St. Gothard of the patient the ‘stoppage’ was said to be 
overcome, and the patient, therefore, likely to recover. The accompanying 
specimen was recovered from the grave of a prominent citizen, whose mor- 
tal thermometer went down in 1896, at the age of 46. He and the mercury 
slept amicably in the grave for 60 years. Curiously enough the physician 
who administered the ‘searchlight’ was found, well wrapped in the arms of 
old Morpheus, sleeping peacefully by the side of his patient. The doctor 
never took any of his own ‘quicksilver/ and so resisted the calomel, blood- 
letting, and stabs of Time’s devastating lancet until his final ‘stoppage/ 
which did not come until his 85th year, when he, too, passed on to the Great 
Forever.” 

When given in a finely divided state it has been known to cause death 
in at least two instances, and the difference in the poisonous properties of 
the mercurous and mercuric preparations is one of degree rather than of 
kind. The vapor of metallic mercury is highly toxic, and chronic poison- 
ing is frequently observed among workers engaged in smelting ores con- 
taminated with mercury, and those engaged in subliming this element in 
the preparation of certain manufactured articles. Faucher (18) reports a 
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case of mercurial poisoning resulting from sleeping in the upper part of an 
unventilated shooting gallery, in which from 3,000 to 5,000 shots were 
fired daily. The ethyl compounds of mercury are highly poisonous, and 
two chemists have lost their lives in experimenting with them. 

Properties. — Calomel or mercurous chlorid is a heavy, white, insoluble 
powder, which, in single doses, is not believed to be poisonous, especially 
when given by the mouth. Runelberg (63) reports a fatal issue from the 
hypodermic administration of three doses of calomel, of one and one hall: 
grains each, given in the course of four weeks. Chronic poisoning with 
calomel occurred occasionally in former generations when this drug was 
given so frequently and continuously, but is now rarely met with. 

Corrosive sublimate, or mercuric chlorid, is a crystalline body, usually 
in needles, though occasionally in octahedra, and more rarely in plates. It 
is soluble in fifteen parts of cold, and three parts of hot water, more soluble 
in the presence of the alkaline. ehlorids, and freely soluble in alcohol and 
ether. It has a biting, metallic taste, and combines with proteins with 
great avidity. The protiodid, blue mass, and blue ointment are largely 
used in the treatment of syphilis, and cases of slight chronic poisoning with 
these preparations are occasionally seen, hut never in medicolegal investi- 
gations. 

Poisonous Action. — Mercuric chlorid owes its corrosive action to the 
avidity with which it combines with proteins, and all mercury compounds, 
so far as they are absorbed, enter the blood in the form of an albuminate. 
This is true even of the metal itself. When absorbed from a mucous mem- 
brane, or through the unbroken skin, albuminous compounds are formed. 
It must not be supposed, however, that the poisonous action of mercury is 
dependent upon the formation of protein compounds, or that saturation 
with albumin renders mercury inert. The albuminate itself is poisonous, 
and may induce all the typical mercurial symptoms and death. 

In acute mercurial poisoning, which, in a large majority of cases, is 
caused by corrosive sublimate, there is a burning sensation in the mouth 
and throat, accompanied by constriction, and due to the local action of the 
poison. When taken in concentrated solution the mucous membrane of the 
mouth may look as though it had been blistered. Soon after swallowing 
the poison there is pain in the stomach, and this usually is followed by 
severe vomiting. The ejected material at first consists of any food that 
may he in the stomach, and, later, of mucus, frequently stained with 
blood. The vomiting is soon followed by purging, and there may be marked 
hemorrhages from the bowels, as well as from the stomach. Usually these 
symptoms are followed by evidences of collapse, the pulse becomes feeble 
and rapid, the surface is bathed with a cold, clammy sweat, breathing is 
labored, thirst is intense, and in some instances there are violent cramps, 
especially in the extremities. Death may result quietly as a sequence of 
coma, or it may he preceded by convulsions, which continue one or more 
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days. The urine is often scanty, and may be entirely suppressed. It 
sometimes contains blood, albumin, and easts. Christianson points out the 
following distinctions in tlic symptoms produced by arsenic and mercury: 
(1) The symptoms induced by the latter generally come on much more 
rapidly, the irritation of the throat being recognized during the act of 
swallowing, and the stomach instantly endeavors to expel its contents. (2) 
The metallic taste of the mercury is plainly recognized. (3) The sensation 
of irritation along the throat is much more severe in mercurial poisoning, 
and (4) the vomited and purged material is more frequently mixed with 
blood. However, tlu* symptoms induced by corrosive sublimate are subject 
to wide variations, depending upon tlie amount taken and Ihe condition 
of the stomach, especially with reference to food content, and cases of re- 
covery after swallowing relatively largo quantities have been observed. 
The writer knows of a case in which a man swallowed one of the 7 14 -grain 
tablets used for disinfecting purposes. He did not vomit, but purged most 
violently for some hours, and otherwise was not affected. 

Slight chronic mercurial poisoning, wliicdi is now rarely observed and 
is generally due to tlie continued administration of some of the milder 
preparations of mercury, is accompanied by salivation, sore gums, and in 
severe cases necrosis of the bones of the jaw. Tlie severer forms of chronic 
nicrcnrialism are subject to great variations. Frequently there is slight 
elevation of temperature, accompanied by chills, rapid pulse, and severe 
headache, with colicky pains and diarrhea. Skin eruptions may be marked. 
Mercurial stomatitis is accompanied by marked fetor, tendency to hemor- 
rhage, irregular respiration, and tremor. Rheumatic pains, arthralgia, 
and epileptic-like seizures are sometimes observed. 

Treatment. — The first thing to do in treating a ease of acute mercurial 
poisoning is to adminisler large quantities of some albuminous substance, 
such as the white of egg. It should he understood that tlie advantage de- 
rived from this treatment is not due to the formation of an inert compound 
with the mercury. The white of egg, or other albuminous substance, saves 
the tissues of the stomach and other organs by furnishing a protein with 
which the mercury can combine. I 11 other words, the object of the admin- 
istration of the white of egg is to rob the mercurial compound of its cor- 
rosive action. The albuminate of mercury which is formed is not an inert 
body, and consequently it should not be allowed to remain in the stomach, 
but as soon as the corrosive action of tlie poison has been destroyed by 
the administration of abundant quantities of white of egg, or other al- 
buminous substance, tlie stomach tube should be used, and this organ thor- 
oughly washed. The statements made in some of our best textbooks on this 
subject are misleading, and if followed the result would be disastrous. 
It is frequently stated that with albumin mercury forms an insoluble and 
inert compound. It should he plainly understood that this is not true. 
Every particle of mercury that is absorbed into the system, either when 
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administered therapeutically or given in toxic doses, is converted into the 
albuminate before it is absorbed, and the albuminate of mercury is a highly 
poisonous body, but it is not corrosive in its action, because, as stated 
already, the corrosive action of certain mercurial compounds is due to the 
avidity with which they combine with proteins. 

Mercurial stomatitis is best treated with a wash consisting of a dilute 
solution of potassium chlorate. It should be remembered, however, that 
potassium chlorate itself is quite toxic, and no large quantity of it should 
be swallowed. Astringent washes containing alum or tannic aeid may 
also be employed, and hypodermic injections of atropin may be resorted 
to to lessen the flow of saliva. 

Fatal Dose. — Cases of fatal poisoning have resulted from the admin- 
istration of three grains of corrosive sublimate, and a much smaller amount 
may cause marked gastrointestinal irritation. However, owing to the 
speedy vomiting and purging which are likely to promptly follow the in- 
troduction of this poison into the stomach, recovery from relatively large 
quantities is, as has already been stated, not unknown. 

External Application. — Strong preparations of mercury when applied 
to the unbroken skin are likely to cause serious results, and may lead to 
death. In these cases the symptoms resemble very closely those that are 
induced by administration by the mouth. The frequent employment, 
within recent years, of biclilorid dressings in surgical cases has shown that 
even very dilute preparations are not altogether free from harm when ap- 
plied to wounds. Salivation, diarrhea, vomiting, and more or less marked 
suppression of urine have been observed in such cases. Bichlorid solutions 
have also been extensively used in obstetrical practice for vaginal and in- 
trauterine washes, and several cases of poisoning have resulted therefrom. 
It is now generally understood that if bichlorid is used at all for irrigation 
purposes the solution must be very dilute, 1 to 40,000 or 50,000, and that 
the retention of even this dilute solution must not be permitted. It is cer- 
tainly better and safer to resort to other germicides when any cavity or 
wound is to be irrigated. 

Fatal Period. — Death may occur within thirty minutes, and it may be 
delayed for several days, but usually it happens within from twelve to four- 
teen hours. In subacute poisoning with corrosive sublimate the violent 
pains of the acute gastroenteritis, due to the corrosive action of the poison, 
abate on the second day, and the victim seems much better, but later the 
effects of the absorbed poison manifest themselves, and may lead to death. 
The general symptoms consist of mercurial stomatitis and glossitis, with 
the formation of ulcers in the mouth, salivation, accompanied with fetid 
breath, bloody stools, albuminuria, hematuria, and finally anuria. In non- 
fatal cases the condition of the alimentary canal, especially of the mouth 
and salivary glands, may become chronic, and in some instances pustular 
eruptions appear on the skin. 
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Post-mortem Findings. — In acute mercurial poisoning, whatever may 
liave heen the method of administration, there will ho a brownish or black 
coloration of the gums, and marked inflammation, with ecchymoses in the 
mucous membrane of the alimentary canal. It is true that when death 
results a few minutes after the administration of a large dose histological 
changes are not prominent. When a large quantity of corrosive sublimate 
is swallowed the effects observed on post-mortem examination resemble 
those induced by mineral acids. There may be marked inflammation of 
the mucous membrane of the mouth, pharynx, and larynx, together with 
edema of the glottis. In fact, in some instances, death from mercurial 
poisoning, especially those cases which terminate speedily, is due to edema 
of the glottis. The erosions in llie stomach and intestines may be ex- 
tensive and deep, even to perforation. Ulceration of the ilium and a 
diphtheritic condition of the large intestine, with or without perforation, 
have heen observed. Frequently the mucous membrane from the mouth 
to the pylorus is found diffusely colored. Ludwig reports a case in which 
the mucous membrane of the esophagus and stomach appeared as if it had 
been cooked. The bronchial tubes may bo highly inflamed, and ecchy- 
moscs on the endocardium may be found, while degeneration of the muscle 
of the heart has been seen even in eases which terminated fatally within 
two or three days. The marrow of the bones may bo highly injected. 
Ulcers have been found on the gums, and Ihe kidneys and liver show lesions 
which will be described later. According to Virchow tho anatomical 
changes in the large intestine cannot bo distinguished histologically from 
acute dysentery. Chemically, mercury can be detected in the tissues. 
However, the intestine is not invariably seriously involved, as eases have 
been reported by competent observers in which no changes, or those of only 
slight degree, could be detected. According to Kaufmami, involvement 
of the intestinal walls depends upon the formation of thrombi in the capil- 
laries, with consequent necrosis, while the diphtheritic condition is ascribed 
to the action of bacteria. In acute poisoning from administration by the 
mouth peritonitis with a bloody serous exudate may occur. 

The changes in the kidneys are most interesting. If a section of this 
organ be placed under the microscope and treated with dilute sulphuric 
acid effervescence takes place, and the formation of crystals of gypsum may 
be seen. Tins is due to the fact that in mercurial poisoning calcification 
occurs in the renal epithelium. In eases terminating within a few hours 
the kidneys are liypereniic, and frequently show hemorrhagic spots. When 
the poisoning is less rapid the condition resembles that of acute parenchy- 
matous nephritis. On microscopic examination there will he found cloudy 
swelling and necrosis of the cortical tubules. Fatty changes may or may 
uot exist. Hyalin or granular casts may he found in the tubules, and the 
interstitial tissue may be infiltrated with small cells. Deposits of lime are 
found in tlie tubules, most abundantly in the convoluted ones. The ques- 
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tion has arisen whether or not this calcification of the kidney can he re- 
garded as pathognomonic of mercurial poisoning. Weiehselbanm states 
that it cannot be so considered, because it is seen in poisoning with certain 
other substances, as manganese, bismuth subnitrate, glycerin, etc., but he 
adds that the finding of abundant chalky deposits in the convoluted or 
straight tubules of the cortex should be taken as a strong suggestion of 
mercurial poisoning. The cause of these deposits is an interesting ques- 
tion. The old theory that the lime deposited in the tubules is withdrawn 
from the bones has been shown to be erroneous. Kaufmann offers his theory 
of thrombosis in explanation, but it is more rational to explain the calci- 
fication upon the supposition that the epithelium, injured by the mercury, 
is no longer able to eliminate the lime salts. This, with the diminished 
secretion of urine, which may lead to anuria, is probably sufficient cause 
for the formation of deposits. In this connection it is interesting to state 
that the researches of E. Ludwig have shown that the places of predilec- 
tion for the deposit of mercury are the kidneys, liver, and walls of the large 
intestine, in the order named. 

Muscular tremor is one of the common manifestations of mercurial 
poisoning. Paralysis of the upper extremities may occur, and may be ac- 
companied by atrophy. A microscopical examination of the nerves shows 
cloudiness and granulation of the neurilemma, without alteration of the 
axis cylinder. The malar necrosis resembles that caused by phosphorus. 
There is much difference of opinion concerning the effects of chronic mer- 
curialism on the hones. Since so many of the individuals in whom these 
lesions have been studied were syphilitic it is difficult to decide to what 
extent the changes in the bones should he attributed to this disease, or to 
the effect of the mercury. 


Coppeb 

Occurrence. — Copper is one of the most widely distributed metals. In 
certain localities large masses of native copper are found, although the 
great copper mines consist for the most part of ores such as carbonate, oxid, 
and sulphid. While there are relatively few localities in which copper ore 
exists in sufficient quantity to make its extraction commercially successful 
this metal is found in traces in nearly all soils. Apparently there is no 
copper ore which interferes with the growth of plants, and the metal is 
taken up in greater or less quantity by most of the vegetables which fur- 
nish food for man. Each kilogram of wheat contains from four to ten 
milligrams of copper, and rye, barley, oats, rice, corn, and buckwheat are 
equally rich in this mineral constituent. The exact amount found in these 
cereals varies with the copper content of the soil in which they are grown. 
However, analyses made in different countries by different men show that 
the variation is not so great as one would suppose. On account of its con- 
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stant presence in cereals copper may be looked upon as a normal con- 
stituent of bread, in ■which the amount is usually less than 5 milligrams 
per kilo. Potatoes contain from 1.5 to 3 milligrams per kilo, and this ele- 
ment is found in practically the same amount in peas, beans, and cucum- 
bers, and in such fruits as cherries, pears, apples, etc. It also exists in 
grapes, yeast, and wine. In many of the lower animals copper is a widely 
distributed element, and in some it apparently serves a physiological pur- 
pose. In the Crustacea, arachnoids, gastropods, and cephalopoda a copper- 
containing protein known as kemocyanin apparently serves the purpose 
accomplished by hemoglobin in the blood of mammals. According to 
Bizio, the ash of certain snails contains as much as 2.4 per cent, of the oxid 
of copper, and Consent, Ferrand, Lehmann, and others have shown that 
oysters are especially rich in this metal. Consent obtained from twenty- 
five oysters secured on the Falmouth banks 21G milligrams of copper. As 
early as 1 830 Sarzeau reported the presence of copper in the blood and 
flesh of the ox, and this statement has been confirmed by Cheveraul, 
Orfila, Devergie, and others. Orfila was the first to announce that copper 
is a constituent of the normal tissue of man. This statement was at first 
denied, hut subsequent investigation has shown it to he true. Lehmann 
has collected a large number of analyses made by different persons, and 
has shown that copper is found in the tissues of the higher animals, in- 
cluding man. The amount varies with the organ examined, and is largest 
in the liver as a rule. Only rarely is it found to ho altogether absent. The 
amount found in the liver of man varies from 3.15 to 15 milligrams per 
kilo. The liver of the ox may contain as much as 50 milligrams per kilo. 
Traces of copper are frequently found in drinking water, and especially in 
mineral waters. Beer, wine, and brandy almost invariably contain copper. 
Vinegar often contains traces of this element, and when kept in copper 
utensils the amount becomes relatively large, and in one liter there has 
been found as much as 140 milligrams. Fatty acids dissolve copper, and 
consequently butter brought in contact with copper receptacles becomes 
contaminated with this metal. Experiments by Lehmann show that both 
salted and unsalted butter dissolve copper. The green coloration of some 
cheese, notably those of Italian make, is in part due to the presence of salts 
of copper. It should be understood, however, that the green color of most 
old cheese is largely due to the presence of molds. Much has been said 
about the use of copper in coloring canned art ioles of food, especially peas 
and beans. The usual method of doing this is to place peas in water to 
which a definite amount of copper sulphate is added, allowing the peas to 
stand in this copper solution for a definite period of time, and then remov- 
ing them. For many years the French government forbade the coloring of 
peas and other vegetables with copper, but in 1889 a commission was ap- 
pointed to investigate the matter, and as a result of the studies of this com- 
mission the law on this subject was repealed. It has been found that when 
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peas "which have not been colored with copper are sterilized in the process 
of canning they acquire a brownish, sometimes a yellowish, color, and the 
copper is added to prevent this change. According to Tscliirch the color- 
ing matter formed in the pea is a copper ehlorophyl compound. This 
author states that when uncolored peas are heated in the process of canning 
the brown coloration is due to phyllocyaninic acid, and that when copper is 
added the brilliant green compound, phyllocyaninate of copper, is formed, 
and this compound is not altered hv the heat used in sterilizing. When an 
excess of copper is added, or the peas are left for too long a time in Ihe 
copper solution, the proteins combine with copper, forming a bluish com- 
pound. Eor this reason the manufacturer of canned peas endeavors to 
avoid an excess of copper, inasmuch as he finds that such an excess renders 
his product less pleasing to the eye. While the amount of copper in col- 
ored peas varies, it is as a rule less than 100 milligrams per kilo. It will 
he seen from this that one obtains more copper in a dozen oysters than he 
would in eating more than two pounds of peas. Lehmann claims that from 
the most remote historical times down to the middle of the eighteenth cen- 
tury copper cooking utensils were largely employed, and, so far as we 
know, serious harm seldom came from them. It is fortunate, however, 
that iron has taken the place of copper for these domestic purposes, and it 
must he admitted that without proper attention to cleanliness verdigris 
might be formed in sufficient quantity, especially when acid foods are al- 
lowed to stand in unclean copper vessels, to seriously poison man. We have 
refrained, in discussing the occurrence of copper, from giving references 
to literature, because this whole subject has been carefully and exhaustively 
treated by Lehmann, to whose article we refer those desirous of looking up 
the literature (42). 

Poisonous Action. — Copper sulphate, or blue vitriol, and copper sub- 
acetate, or verdigris, are the two salts of this metal most frequently em- 
ployed. The former is sometimes used as a disinfectant, for which pur- 
pose it is of but little value, and frequently finds its way into the household. 
Cases of accidental poisoning occasionally occur, and suicides sometimes 
resort to one or the other of these preparations. However, all the soluble 
ores of copper are poisonous when administered in sufficient quantity. In 
acute poisoning the mucous membrane of the alimentary canal throughout 
its entire length is inflamed and changed to a greater or less degree. Ecchy- 
moses may be found anywhere along the tract, and ulceration may occur in 
the stomach, small or large intestine, and may proceed to perforation. 
Patches of green or bluish coloration are occasionally observed. The 
hemoglobin of the blood is more or less broken down, with the formation 
of an excess of bile pigment, leading to marked icterus, which, according 
to Tidy, is of special value in the diagnosis of poisoning by copper, inas- 
much as it is not 'observed after poisoning with either arsenic or mercury. 
Unless death occurs within twenty-four hours fatty changes in the liver 
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and kidney may be found, and tlie latter organ may also show signs of 
acute parenchymatous degeneration. The metal, albumin, casts, blood, 
and bile pigments may be found in tbe urine. 

Fatal Dose. — Inasmuch as tbe salts of copper are markedly emetic, re- 
coveries from very large doses have been reported, and it is quite impos- 
sible to give exactly ihe amount, likely to prove fatal. Formerly the 
acetate of copper was largely used as an emetic in cases of so-called croup, 
and in the course of a few days two or three more drachms of this sub- 
stance have been administered without other effect, than tlie nausea and 
vomiting thus intentionally induced. The minimum fatal dose for an 
adult of either one of these salts is probably about half an ounce. 

Symptoms. — Fifteen grains or more of either the sulphate or acetate 
causes nausea and vomiting, which become more marked under the in- 
fluence of larger quantities. In general we may say that in acute poison- 
ing with copper the symptoms are those of gastrointestinal irritation, and 
are not distinguishable from those due to other irritant poisons. In some 
cases the nervous system seems to be profoundly affected, and severe con- 
vulsions, which may or may not he followed by coma, precede death. In 
chronic poisoning with this metal there are a metallic taste, colicky pains, 
diarrhea with bloody stools, scanty urine, dry parched skin, occasionally 
jaundice, and, in severe eases, cramps and convulsions. Chronic poison- 
ing with copper, sometimes seen in workers in brass, is characterized by 
emaciation, anemia, tremor of the tongue and hands, myalgia, and neu- 
ralgia. A dark-green line may often be detected on the gums, especially 
when the teeth are not clean. 

Treatment. — White of egg, milk, or some other albuminous substance 
should be administered in order to destroy Ihe corrosive action, and the 
stomach tube should he used immediately. In fact, the stomach might be 
washed out before albuminous substances are administered, hut in this case 
the washing should he repeated after the administration of milk or egg. 
The stomach should be distended with water and thoroughly cleansed. 
Fortunately, the salts of copper are fairly soluble in water, and there is 
little difficulty as a rule in completely removing the poison. At the same 
time the large intestine should he flushed. Chemically, fcrrocyanid of 
potash may be administered, inasmuch as this forms an insoluble and prac- 
tically inert compound with copper. However, reliance should not be 
placed on the chemical antidote to the extent of neglecting the use of the 
stomach and rectal tubes. 

Post-mortem Appearances. — The mucous membrane of the alimentary 
canal, usually from tlie mouth through the intestines, will show the effects 
of an irritant, inasmuch as it will he inflamed, and possibly ulcerated. A 
greenish or bluish tint may be perceptible and the presence of copper in 
these colored spots may be detected by the addition of ammonia, when 
tbe color becomes deep blue. Large ulcerations have been found in tbe 
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rectum, and rarely the intestine is found to be perforated. The micro- 
scopical examination of the mucous membrane of the stomach, after pois- 
oning with copper, shows superficial necrotic changes. The nuclei of the 
epithelial cells remain uneolored ; there is marked dilatation of the veins of 
the mucosa and submucosa, and these are filled with blood corpuscles, some 
of which retain their form, while others consist only of cellular debris. 
Usually there are extensive blood extravasations in the submucosa. A 
clean knife blade immersed in the greenish-blue contents of the stomach, 
after the addition of dilute hydrochloric acid, is soon well coated with 
metallic copper. 


Tm 

Occurrence. — The most important tin ore is cassiterite, which is an 
impure oxid. This ore is freed from arsenic and sulphur by roasting, 
after which it is washed and then fused with coal and lime. Tin pyrites 
are sometimes used for the preparation of the metal. Tin utensils consist 
of iron, coated with tin. Tin is more or less soluble in dilute acids, both 
inorganic and organic. 

Symptoms. — Poisoning with tin is rare, but not wholly unknown. Most 
of the soluble salts are gastrointestinal irritants, causing nausea, vomiting, 
purging, and collapse. Most cases of poisoning from tinned foods are due 
to imperfect sterilization and fermentation changes in the contents of the 
can. However, there are recorded a few instances in which the harmful 
substance has undoubtedly been a soluble salt of tin. This is apparently 
true of the cases reported by Luff and Metcalf (49), which were due to the 
eating of canned cherries, in each fluid ounce of which there was found 
3.2 grains of tin malate. It has been shown by Ungar and Bodlander 
(72) that the subcutaneous injection of the nonirritating salts causes cell 
injury, and death in the lower animals. 

Treatment. — The stomach should be washed and demulcent drinks ad- 
ministered. 


Lead 

Occurrence. — In nature lead occurs most abundantly as a sulphid, 
known as galena, although some large lumps of native lead have been found 
in several localities in Missouri. This ore is frequently found in deposits 
containing more valuable minerals, and its separation is not only expensive, 
bnt to some extent dangerous, inasmuch as lead poisoning is not infre- 
quently observed among those engaged in smelting silver ores. The 
soluble form of lead which is most frequently employed in commerce is 
the acetate, ordinarily known as sugar of lead, while the carbonate is 
largely used in paints, more in former times than at present. 



TOG TOXICOLOGY 

Poisonous Action. — Lead combines readily with albumin, and some of 
the lesions found in the alimentary canal after poisoning with this sub- 
stance are due in part to this action; but that lead is a poison merely on 
account of the readiness with which it forms a compound with albumin is 
not true, because the albuminate of lead and other noncorrosive compounds 
of this metal are quite as poisonous as the inorganic salts. Some prepara- 
tions of lead are supposed to he ahortefacienis, and the supposition is well 
grounded if the life of the mother is also to he sacrificed. Most cases of 
lead poisoning are either industrial or accidental. When lead paints were 
largely employed both acute and chronic plumbism was by no means rare. 
Moreover, lead colic and drop wrist were frequently seen among those 
engaged in smelting lead ores. Next to the above came instances of pois- 
oning with sugar of lead, lead foil, and other preparations. For homicidal 
purposes the salts of lead arc seldom employed ; according to ILugounenq 
(29) only twelve cases were officially known during the latter half of the 
past century. 

Poisonous Dose. — According to Ivohert the minimum fatal dose of the 
three preparations of lead most generally employed are as follows: lead 
acetate, 20 g., white load, 25 g., and sugar of lead, 50 g. 

Symptoms. — Acute lead poisoning, practically always duo to acetate, 
is rare. However, the writer has seen three or four cases in which this 
salt of lead lias accidentally caused serious results. The symptoms are 
those of gastrointestinal irritation, vomiting and retching being promi- 
nent The bowels are generally obstinately const ipated. This is due to the 
contraction of the walls of the large intestine. At first the abdomen is re- 
tracted, and is not painful on pressure; indeed, the colicky pains which are 
almost constant in this form of lead poisoning are frequently relieved 
during the earlier stages by marked pressure over this region. Some years 
ago the writer was called to treat a case of acute lead poisoning, which was 
caused by eating tomatoes cooked in a .vessel the bottom of which had been 
burned out and had been mended by lead solder. The victim, an elderly 
mail who lived by himself and prepared liis own food, showed the char- 
acteristic blue gums very distinctly, and complained bitterly and con- 
stantly of severe colicky pains. The abdomen was markedly retracted; in 
fact, it might have been said to have boon dished. Every attempt to 
evacuate his bowels either by the administration of saline purgatives or 
by the use of the rectal tube was without avail. At the expiration of 48 
hours the man died, and it was found that 14 inches of the descending 
colon just above the sigmoid flexure was so tightly constricted that even 
air could not he forced through it. In some instances the vomiting is 
severe and protracted, and the vomited material may he stained with 
blood. The pulse becomes frequent and irregular, the breathing shallow, 
and coma may precede collapse and death. In acute lead poisoning, if 
fatal, death usually occurs in two or three days, otherwise there is partial 
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recovery, and the condition becomes chronic. In rare instances the chro- 
mate of lead is used for coloring foods, and cases of acute poisoning have 
resulted in this way, although the affection is more likely 1o be chronic. 
The cases in Philadelphia so well studied by Stewart (08), in which. 

Chrome Yellow” (lead chromate) was used for coloring buns, are espe- 
cially interesting. Some 64 cases or more were found, and nearly every 
symptom of lead poisoning seen in the different ones. The blue line was 
observed in 89 per cent., colic in 76, headache in 73, and convulsions in 
17 per cent. Inasmuch as acute lead poisoning may be accompanied by 
marked elevation of temperature, it may, especially in the later stages, be 
mistaken for peritonitis. One such case has come under the writer’s ob- 
servation. In the neighborhood of lead smelters domestic animals are 
frequently affected with this poison. In these the nervous symptoms are 
often more marked than in man. Convulsions and tremors are frequently 
observed, and if the abdomen is opened the intestines are found 
tightly constricted, and this condition is relieved by the administration of 
large doses of atropia. It is stated that children may be poisoned by the 
milk of “ ‘leaded” cows, but if this be true at all it certainly is of rare 
occurrence. 

Chronic lead poisoning is much more common than the acute form, but 
is not so frequently met with now as formerly, inasmuch as lead paint has 
been largely supplanted by zinc compounds. However, chronic lead pois- 
oning occurs not only among workers in white lead, but also in smelters 
engaged in reducing lead ores; also from the use of lead as a cosmetic, 
and the writer has known of two instances in which chronic lead poisoning 
resulted from the drinking of bottled beer from a brewery in which it was 
the custom to cleanse the bottles with shot. Chronic lead poisoning may 
also result from the inhalation of the finely divided metal, and it is oc- 
casionally known, though rarely, to result from drinking water conducted 
through leaden pipes. Lead foil, used in packing tobacco, cheese, and 
other articles, is also a source of chronic poisoning. It is stated that oc- 
casionally thread contains enough lead to poison the one who is accus- 
tomed to moisten it in order to pass it through the eye of the needle. 
Roque and Linossier (62) report six cases of lead poisoning among women 
engaged in spinning cotton colored with lead chromate. Usually the first 
symptom of chronic lead poisoning is colic, which, when occurring among 
painters, smelters, or others engaged in the use of lead compounds, should 
always awaken suspicion, and should lead to the chemical examination of 
the urine. Lead colic in chronic cases is usually accompanied by a sweet- 
ish metallic taste, and the deposition of a characteristic bluish line along 
the base of the teeth. This is more marked when the teeth are not kept 
clean, and is due to the formation of the sulphid’. Drop wrist is a fairly 
characteristic symptom of lead poisoning. It is due to paralysis of the 
extensors of the fingers and hand. There may be contractures of the flexed 
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fingers. Frequently there is a more or less local anesthesia, and distur- 
bance of vision, such as amblyopia and amaurosis, are frequently met with. 
Exophthalmia is seen more rarely. In lead encephalopathy lliere may he 
most grave disturbances in the central nervous system, which manifest 
themselves by choreic, movements, epileptic or cataleptic seizures, and some- 
times by wild delirium. These seizures are likely to be periodic, and dur- 
ing* the intervals the patient may be quite free from any nervous manifes- 
tation of disease. 

Fatal Bose. — The minimum fatal dose of the acetate of lead is not 
known. An ounce has been swallowed at one time without serious result, 
while half this quantity has been known to induce alarming symptoms. A 
quantity that would have hut little effect if taken at one time may induce 
serious chronic poisoning if taken in small portions daily. 

Treatment. — The soluble sulphates, such as magnesium, may be ad- 
ministered with benefit in acute lead poisoning, inasmuch as lead sulphate 
is practically insoluble. In chronic poisoning magnesium sulphate may 
be given as a cathartic, hut otherwise it can he of no great value. The 
administration of potassium iodid has been supposed to assist in the re- 
moval and elimination of lead deposited in the tissues. Atropin is sup- 
posed to he of value in the relief of the intestinal constriction frequently 
seen in chronic lead poisoning. 

Post-mortem Findings. — hi acute lead poisoning gastritis is generally 
more or less marked, and there may he ulceration. The mucous mem- 
brane of the intestines is shriveled, anemic, and frequently stained grayish 
brown by the sulphid of lead. In animals experimentally poisoned serous 
effusions under the membranes of the brain and cord have been observed. 
Coen found inflammatory infiltrations in the lungs, liver, and kidneys, 
with cloudy swelling and vacuolization in the epithelium of the stomach, 
intestines, pancreas, kidney, adrenals, and liver, hut no evidences of fatty 
changes. 

Chronic lead poisoning furnishes the pathologist with abundant ma- 
terial for study, inasmuch as the lesions are decided in degree and ex- 
tensive in area. Disturbances in the alimentary canal occur, whatever 
may have been the avenue of administration. Coloration of the gums is 
one of the signs of chronic saturnism first, looked for by the physician. 
Massazza observed it in dogs three days after the administration of the 
poison was begun, but generally it appears much later. Doth the gums 
and teeth are often stained, and sometimes the insides of the lips and 
cheeks show bluish patches. Ulceration of the stomach and upper intes- 
tine is occasionally found. The peptic glands undergo fatty degeneration, 
and may he obliterated in certain areas. The mucosa is thickened on ac- 
count of proliferation in its connective tissue. The solitary and agminated 
glands suffer fatty degeneration or atrophy, and similar changes may be 
detected in the muscular walls of the stomach and intestine. There may 



MINERAL POISONS 


709 


"be contractions in the connective tissue of the avails of the alimentary 
canal, leading to abnormalities of form and jiosition. 

It is generally believed that lead is eliminated to some extent by the 
skin. Cases of chronic poisoning have been reported in which the epider- 
mis has been darkened oil the application of a dilute solution of sulphid 
of sodium, or after bathing in water impregnated with hydrogen sulphid 
gas. However, perspiration collected after the administration of piloear- 
pin in these cases has been found to be free from lead. Robert suggests 
that the poison may bo contained in the epidermis in an insoluble form. 
Lesions of the skin are not constant in this affection, but may occur ; the 
most common form is a pustular erythema. The existence of an icterus 
saturninus has been both affirmed and denied by good clinicians, which 
shows that it may occur, but is not constant. In long-continued saturnism 
the subcutaneous fat disajipoars, the skin becomes wrinkled, dry, and brown, 
giving the appearance of old age. The local anesthesia already referred to 
is due to the action of the poison on peripheral sensory nerves, and is 
Iransitory. The number of red corpuscles and the amount of hemoglobin 
are diminished. According to Grawitz, the red corpuscles in lead poison- 
ing often contain basophilic granules, staining with methylene blue. The 
disturbances of vision often occurring in chronic saturnism are probably 
secondary to the effects of the poison on the kidneys. Stood divides them 
into two classes : The first he considers a neuritis due specifically to the 
action of lead, and 'he states that it may occur without the coexistence of 
albuminuria. The second he regards as a retinitis, such as may accompany 
a contracted kidney due to other causes. Between and connecting these is 
hydrops of the sheath of the optic nerve, which may be a consequence either 
of nephritis, with hypertrophy of the left ventricle, or of peripheral re- 
trobulbar neuritis. The neuritis generally begins with inflammatory pneu- 
monia, easily recognizable with the ophthalmoscope ; hut it is often impos- 
sible to determine exactly what part of the nerve is most seriously af- 
fected. According to Oeiler, hyalin deposits in the vessels of the choroid 
and retina may he found in some cases of lead poisoning. 

The minute anatomy of the contracted kidney of chronic lead poison- 
ing has been studied by numerous clinicians and pathologists, hut their 
findings have led to diverse views. In brief, it may he stated that some 
contend that the lesions begin in the blood vessels. . The arteritis, they say, 
leads to contraction here and there, and to occlusion of the lumen oi the 
blood vessels, while the parenchyma secondarily becomes atrophied and. 
the interstitial connective tissue proliferates more or less. Others hold 
that lead first injures the secreting elements, and that the affection o± the 
blood vessels is secondary, and in no wise characteristic. Gnyler believes 
that the primary and most important histological changes are found m 
the blood vessels and begin in the endarteritis, which leads to obliteration 
of the capillaries. The process differs from an ordinary arteriosclerosis 
47 A 



TOXICOLOGY 


TlO 

in the disappearance of muscle cells, with thickening of the middle layer 
by the growth of fibrous tissue. The endothelium proliferates and con- 
tracts the lumen. The walls thicken by the deposition of the granular 
material, which later becomes homogeneous. "Finally complete occlusion 
results, and the capillaries involved are converted into glistening, compact, 
homogeneous tissue. He designates the process as “vasculitis capillaris 
obliterans.” The sequela* and the alterations in the kidney are identical 
with those which follow contracted kidney from other causes. In chronic 
lead poisoning a typical form of atrophic cirrhosis of the liver may be 
induced. 

Lead arthralgia is not accompanied by any constant or characteristic 
lesions. In lead gout uric acid may be deposited in the contracted kidneys 
and in various joints. Lead paralysis, although common in chronic sat- 
urnism, is not constant. The musculospiral is the first and often the only 
nerve involved. So constant is this that paralysis of this nerve or its 
branches is generally regarded as duo to lead even when inquiry fails to 
reveal the manner in which the poison lias been introduced. “Drop wrist” 
may result from the external application of preparations containing lead, 
as well as when the poison is taken by the mouth. Atrophy of the muscles 
usually follows paralysis, but in some instances may precede it. Rarely 
the deltoid or the biceps is more seriously affected than the muscles of the 
hand and wrist, and the peroneal muscles are sometimes involved. Gen- 
eral paralysis as a result of lead poisoning 1ms been reported, and paralysis 
of one or both vocal cords is said to be a typical symptom of lead poisoning 
in horses, while paralysis of the adductors of the larynx has been observed 
in man. Atypical paralyses are likely to result from the combined action 
of two or more poisons, as lead and alcohol, and lead and syphilis. Ex- 
amination of the parts involved in lead paralysis shows changes in the 
muscles, blood vessels, and nerves. The alterations in the muscles may he 
macroscopic. They are much wasted and pule, or yellowish. Microscop- 
ically certain fibers will bo found to be altered, while others are quite nor- 
mal. The diseased HIkts arc shrunken and sometimes show an enormous 
proliferation of nuclei. The position of a fiber may be indicated only by 
the presence of granular debris and dust its of nuclei. The dianges in the 
vessels are those of arteritis obliterans. ( Langes in the nerves are most 
evident in their peripheral terminations, hut may extend backward to the 
trunks, and are thus seen in other forms of neuritis. It is a question 
whether the conditions observed in lead encephalopathy are due to the 
direct action of the poison on the brain cortex or result from the general 
arteriosclerosis and changes in the kidney. Re this as it may, the most 
exhaustive researches have failed to show either gross or minute lesions in 
the brain. 
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Occurrence. — Zinc is not widely distributed in nature, and is found 
most abundantly as a carbonate and oxid. Metallic zinc is largely used 
in the manufacture of metal vessels of various binds, but the only salts 
of zinc which interest the toxicologist are the ‘sulphate and chlorid, the 
former being known as white vitriol. 

Poisonous Action. — The sulphate of zinc is only slightly poisonous, and 
on account of its emetic properties recovery from large closes may occur. 
However, death may result from half an ounce or more. Zinc chlorid is 
the only actively corrosive compound of this metal, and its action is char- 
acterized by the formation of a hard, dry crust which remains in place. 
Blyth reports a case of a woman who died after the application of a large 
amount of this salt to her cancerous breast. Practically the only use made 
of the chlorid in medicine is due to its caustic properties, and it is not 
administered internally. Chronic zinc poisoning among those engaged in 
smelting has been frequently observed, but it is questionable how much of 
the ill effect is due to zinc and how much to associated metals, as lead and 
arsenic. Much has been said about the possibility of poisoning resulting 
from zinc solder used in canning foods, and from the employment of ice- 
cream freezers made of this metal. So far as we can ascertain statements 
along this line have been largely sensational, and we have failed to find 
any convincing evidence that any one was ever poisoned by zinc obtained 
from either of these sources. When a teaspoonful of ice cream causes 
nausea and vomiting it is the height of absurdity to think that this can be 
due to some soluble salt of zinc, because if there should be enough of the 
zinc salt present to cause these symptoms there would be no room for ice 
cream in the spoon. Occasionally the chlorid or sulphid of zinc is taken 
accidentally, or for suicidal purposes. When used with the last intention 
it is generally a failure. Blyth reports one death which resulted six 
weeks after taking six grains of the chlorid. It is barely possible that if 
this amount was taken in concentrated solution it might have caused local 
ulceration which subsequently led to infection, and this to death; other- 
wise we think his verdict in this case doubtful. Another instance is re- 
ported in which a man, while intoxicated, swallowed four ounces of a 
saturated solution of zinc chlorid. This was followed by excruciating 
pain in the stomach, and later by convulsions and epileptiform fits. The 
local irritation led to partial occlusion of the esophagus and contraction of 
the stomach. Gastrostomy was not performed. The patient was fed en- 
tirely by enemata, and death resulted from starvation after eleven weeks. 
The only case involving zinc salts in which the writer was ever consulted 
was a malpractice suit against an irregular physician, who, it was claimed, 
had used the chlorid of zinc instead of the sulphate as an eye wash. How- 



712 


TOXICOLOGY 


over, tlie justice of tin's claim was questioned, and at any rate only a tem- 
porary injury resulted. 

Treatment. — In case of acute poisoning’ ivitli a soluble salt of zinc 
niucilagenous drinks should be given, and tlie stomach tube used. 

Sjxveu 

Poisonous Action. — The only preparation of silver from which poison- 
ing may result is the nitrate. In acute poisoning with this salt its caustic 
action is responsible for the* most prominent lesions. The nitrate of silver 
in strong solution, or in the* form of lunar caustic, produces a more or less 
dee]) eschar. On portions of tin* body exposed to the light this eschar soon 
turns brown or black, while on the mucous membrane it may remain white. 
It consists of the albuminate of silver, and I lit* eliunge in eolor on exposure 
to light is tine to reduction to metallic silver or one of tin* lower oxids. 
Post-mortem examination after acute poisoning shows only escharotie 
lesions in the mucous membrane. 

Chronic poisoning with silver is known as nrgyria, and is of marked 
importance to the pathologist. Since the publication in IN HI) of the now 
classic paper of Fronmnn on tlie pathological lesions of argyria much in- 
terest has been manifested in this subject. [Formerly nitrate of silver had 
some repute in the treatment of epilepsy, and many cases of argyria re- 
sulted from Us employment in this disease. In a case of ulcerative colitis 
treated at the hospital of the University of Michigan the colon was washed 
daily with a solution of silver nitrate (one drain to four pints), and well- 
marked argyria occurred within eight months. The subject of Fromann’s 
studies had taken throe and a half ounces of silver nitrate in pill form 
within about ten months. During the greater part of this time he took one 
six-grain pill each day. The* face began to show evidence of pigmentation 
about two months after Iho treatment was begun, and the coloration grad- 
ually deepened and extended to other parts of the body. A chronic gas- 
tritis developed, accompanied by pain, which at first was intensified only 
on taking one of the pills, but later also by food. There was frequent 
vomiting, and restriction to liquid food was finally necessary. In view 
of tlie fact that nitrate of silver has been recommended by some as a cura- 
tive agent in tuberculosis it is interesting to know that this patient de- 
veloped tuberculosis while saturated with silver. The only parts of the 
skin free from pigm dilation were the palms of the hands and the soles of 
the feet. In the brain the Pacchionian bodies wore prominent; the arach- 
noid showed some cloudiness, and the choroid plexus was grayish blue. 
Pigment indurations and calcified tubercles were found in tlie lungs, to- 
gether with cavities and miliary tubercles. The walls of the left ventricle 
of llit» heart were much thickened. The mucous membrane of the stomach 
was reddened and dotted with small hemorrhagic erosions, while an oval 
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ulcer, 7 cm. long and 5 cm. broad, occupied the posterior wall midway be- 
tween the cardia and the pylorus. The floor of this ulcer was uneven, and 
at one spot it consisted of the pancreas, the stomach being perforated and 
adherent to this organ. There was a stricture of the pylorus, apparently 
due to hypertrophy of the muscular and submucous layers. The mucous 
membrane of the small intestine was thin, and the lumen constricted. The 
follicles were filled with black granular deposits. Under the microscope 
these wore found to vary much in size and form, but were not crystalline. 
On treating a thin section containing these granules with a solution of 
potassium cyan id they disappeared. Similar granular deposits were found 
abundantly in tlie spleen. The liver was small, filled with blood, and its 
cells showed fatty changes. Granular deposits were observed in tlie middle 
of the acini, apparently surrounding the small veins. On. microscopic ex- 
amination of a cross section the lumen of the vessels was seen to be inclosed 
by black rings. Deposits of silver were abundant in the kidneys, and it 
is to these organs that students of argyria have subsequently given most 
attention. Fromann found that the pyramids were stained dark gray, the 
color being deepest near the papilli and becoming lighter toward the cortex. 
On section of the cortex the glomeruli appeared as black dots. Micro- 
scopically they were found to contain finely granular material which con- 
formed to tlie shape of the vessels, and were quite distinct in the capsule. 
Some glomeruli were more extensively colored than others. Unchanged 
Malpighian bodies were found to be few. Like finely granulated material 
was observed deposited in the blood vessels on and between the walls of the 
tubules of the pyramids. Toward the papilli these deposits were most 
abundant, becoming less toward the cortex, but not disappearing altogether. 
On cross section the tubules appeared to be surrounded by a distinct black 
ring. The walls of the convoluted tubules showed no abnormality except 
fatty changes in the epithelium. These granular deposits dissolved in so- 
lutions of potassium cyanid, and became white and opaque on the addition 
of nitric acid, and again black on subsequent treatment with ammonium 
snlphid. Other investigators have confirmed the statements of Eromann, 
but von Kalilden finds the histological changes in the kidneys more marked 
than others have supposed. It might be conjectured that the individual 
from whom von Kalilden obtained bis material suffered from coexistent 
disease, to which these lesions might be attributed, but he points out that 
the distribution of the histological changes corresponds exactly with the 
deposits of silver ; and, moreover, he found a similar condition in a rabbit 
in which argyria had been induced experimentally. It is supposed by 
Riemer that the silver compound is reduced in the intestine, and the finely 
divided metal is taken up by the blood and lymph and mechanically de- 
posited in the kidney, but Naunyn has shown that the distribution is dif- 
ferent fr&m that which occurs when a finely divided pigment is employed. 
Jt is claimed by Loew that in the body silver is reduced by the living cell 
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only, and that a morn exact. study of the blackened glomeruli shows that the 
silver is deposited in the endothelial cells surrounding the JVhilpighian 
bodies. 

According to Rozahcgzi, chronic poisoning with the salts of silver in 
the lower animals induces hyperemia of the mucous membrane of the 
trachea and larynx, and edema in the lungs. In some instances hepatized 
areas were found in the lungs. The pulmonary epithelium showed fatty 
changes, while the connective tissue of the walls of the alveoli evidenced 
proliferation. Tatty changes in the liver cells, accompanied by hyperplasia 
of the interlobular connective tissue, may be seen, as in both the convoluted 
and straight tubules of the kidney the epithelium is found to he swollen 
and granular, and in certain localities the detritus resulting from disin- 
tegration tilled the lumen. 

Borax and Boric Acid 

Occurrence and Properties. — Borax, or sodium borate, and boric acid 
arc widely distributed in nature, being found in abundant deposits in cer- 
tain volcanic regions, in traces in the water of the ocean, in the crust of 
the earth, and in many plants. Traces are present in wine and beer nat- 
urally, coining from the grape-vine and from Imps, and probably in most 
fruits. Boric acid is sparingly soluble in cold, more readily in hot, water. 
Borax is more freely soluble in both cohl and hot water. It is a question 
whether or not these preparations should he classed among the poisons. 
There is only one instance in medical literature, so far as I have been able 
to find, in which boric acid has been given as the cause of death, and in 
this case, reported hv Schwvzer, a man, 00 years old, took one dose of 15 
grams. This was followed by colic, diarrhea, collapse, and anuria. Sec- 
tion showed slight irritation of the. gastrointestinal mucous membrane and 
acute degenerative changes in the liver and kidneys. Microscopical ex- 
amination showed the convoluted tubules filled with coagulated albumin 
and epithelial casts. Fu animals killed with massive doses there are marked 
gastroenteritis and fatty degeneration of the liver, kidneys, and heart. 
The only reason, for introducing the horacic preparations in a work on 
toxicology is that they have been largely used as food preservatives, and 
in this connection have received much attention in medicolegal investiga- 
tions. 

General Statements. — Many scientific and medical men have expressed 
opinions concerning the effect of borax and boric acid on the animal econ- 
omy. These opinions have been formed in some instances after long ex- 
perience in prescribing these preparations, and in others after more or less 
carefully conducted experiments. The Senate of tlio 50th Congress ap- 
pointed a committee on Too<l Adulteration, and the testimony taken has 
been published (05). From this volume we make a few abstracts, Hen- 
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rotin stated : u As regards the use of boric acid I am perfectly willing to 
state that I consider the material absolutely innocuous and able to he taken 
into the human economy in large and continuous and repeated doses for a 
great length of time without a particle of harm resulting, which compre- 
hends about what I know, except to state that my knowledge is based upon 
an experience of a great many years in using boric acid and borax, both in- 
ternally, for various forms of disease, and externally, using it every day of 
my life. I think — for my profession is almost all confined to surgery — 
as surgical dressings, and applications to the throat, and to the different 
cavities of the body. I have used borax and boric acid in, I think, nearly 
all the cavities of the body, used it in the large cavities, in the stomach, 
in the abdominal cavity, in the bowels, in the vagina, in the uterus, in the 
nasal passages, and in fact almost every reachable portion, and many cavi- 
ties that are opened and closed afterward, and never since I have used boric 
acid have I seen the least deleterious effect of it in any way, shape, or man- 
ner, and the same applies to borax . 55 

Haines testified: “Some antiseptics I regard as unquestionably harm- 
ful. Others are, when used in proper proportions, practically harmless. 
In this category I think we may place common salt, although criticism 
may he offered respecting its use; saltpeter, concerning which also severe 
criticism may likewise he offered, and boric acid and its various prepara- 
tions ; and I may say at the start that I believe that of these boric acid 
and its preparations are, on the whole, to he preferred to the other anti- 
septics mentioned for various reasons. In the first place, they produce 
less effect upon the articles preserved. Common salt and saltpeter impart 
considerable taste to meats, and therefore make them less palatable. Com- 
mon salt and saltpeter affect the fiber of meats disagreeably, especially if 
an excess of them is used, and make them less palatable and digestible, 
while borie acid and its preparations have scarcely any effect, if used in 
small quantities, in this direction. Common salt and saltpeter have a ten- 
dency to cause the juices of the meat to exude and run away, and very 
much of the valuable portion of the meat is thus lost. Boric acid and its 
preparations produce these effects to a much less extent, and the juices of 
the meats are more nearly retained in their natural condition. For all 
these reasons I believe that boric acid and its preparations are to be pre- 
ferred to common salt and saltpeter if used in moderation. The toxicity 
or poisonous character of these substances ought, of course, to be compared. 
It is true that a certain number of cases have been reported of bad effects 
from boric acid and its preparations, but upon looking up the records I 
have failed to find a single case in which these unwholesome results could 
not he attributed reasonably to an excessive dose, or to the disease for 
which the acid was employed, or to idiosyncrasies, or to impurities in the 
acid used. As to the first of these matters (the use of excessive doses) it 
is well known that common salt, when used in large quantities, is danger- 
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ous, ami wo have cases of death from excessive doses of it. Saltpeter Las 
caused many deallis; in one publication alone I find a record of S to 10 
deaths from it. Boric acid lias caused fewer deaths than the other two 
substances.” 

Edwards stated: “It. (Janie add) is the ideal preservative, superior 
even to common salt, because of the lack of change of the substances to 
which it is added for preservation." 

Billings said: “It. (boric acid) has come in recent years into more 
common use in preserving meats, especially hog products, and in preserv- 
ing butter, because it was found that those things kept better with it than 
they did with common salt. And to my mind it is no more injurious in 
overdosage to (he human economy than would be common salt when used 
in the same way.” 

Chittenden testified: “I know that, my own experiments indicate that 
small amounls of borax produce no measurable effect. Ihat could be spoken 
of as deleterious; in fact, very small amounts tend to increase, if anything, 
the rate of digestion. That is especially true of boracic acid as contrasted 
with borax.” This scientist states Unit, one half of one per cent, of boric 
acid in butter is not objectionable. 

Similar view’s concerning (lie harmlessnoss of borax and boric acid 
have been published in France by Labonle, Rondeau, and Vigier, and in 
Italy by Arlimini and Polli. 

Effect on Digestion. — Lichrcich in Germany, Jlidcnl and Foulerton in 
England, and Chittenden in this country have tested the effect of the pres- 
ence of varying amounts of borax ami boric acid on the salivary digestion 
of starch, mid have, reached practically the same conclusion, which is that 
borax slightly retards and boric, acid slightly hastens the conversion of 
starch into sugar by ptyulin. On peptic digestion borax has no depressing 
effect, until it is added 1o the extent of O.il per cent., and boric acid has an 
accelerating action until it, reaches 1 per cent. According to Halliburton, 
boric acid lias no iniluonee on the action of rennin, but borax arrests the 
activity of this ferment when present to the extent, of 0.1 per cent., or 
more. If, however, the acidity of the gastric juice is sufficient to convert 
borax into boracic acid the retarding action is not observed. Licbreich 
states that boric acid, even when present to tin* amount of three per cent., 
has no retarding effect upon tile pancreatic digestion of starch, while borax 
does have some effect. Chittenden found that borax aeeelerat.es and boric 
acid slightly retards pancreatic digestion of proteins, and this conclusion 
has been confirmed by experiments made by Foulerton. 

Thresh and Porter sum up the -work that lias been done on this subject 
as follows : 

“Although too much stress must, not be laid on experiments done in 
vitro, borax in small quantities appears to exert a markedly prejudicial 
effect on the action of rennin, and a slighter one on ptyalin ; when present 
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in a greater proportion than 0.2 per cent, it also retards peptic digestion. 
Unless added in larger quantities it rather favors than retards the action 
of trypsin. 

“Boric acid, on the other hand, lias no action on rennin, slightly re- 
tards the action of ptyalin, when present in the proportion of 1 per cent., 
hut "begins to retard the action of trypsin when present to the extent of 2 
per cent. Of the two substances, therefore, boric acid is less likely, judg- 
ing from these experiments, to exert a prejudicial effect on digestion than 
borax.” 

Effect on Mucous Membrane. — Licbreieh narcotized dogs and studied 
the effects of solutions of different strengths on the gastrointestinal mucous 
membrane. He found that solutions of boric acid up to 5 per cent, had no 
irritating action, hut that borax began to injure the epithelium as soon as 
the strength reached 2 per cent. He attributes this to the alkali, and states 
that a 1 per cent, solution of sodium bicarbonate lias a like action. Fur- 
thermore, he found that 0.5 per cent, solution of sodium chlorid caused a 
distinct inflammation. From these investigations he came to the conclusion 
that boric acid is less irritating to the gastrointestinal epithelium than 
either saltpeter or common salt. 

Animal Experiments. — The results of animal experiments for the pur- 
pose of determining the effects of borax and boric acid have been quite as 
conflicting as the opinions of medical men founded upon professional ob- 
servation. Harrington fed six cats upon borated meat for some weeks, 
keeping the same number of controls on nonbora ted food. The daily dose 
varied from 0.54-1 to 0.S57 gram, and the total amount from 28 to 112 
grams. Of the 12 animals only three gave evidence of acute illness during 
the period. All of these belonged to the borax group, and one died at the 
end of the sixth week. The others were apparently healthy at the expira- 
tion of 19 weeks. The 11 alive at this time were killed and their organs, 
together with those of the animals that died, were properly prepared and 
examined microscopically. All those which had been fed upon borated 
meat showed kidney lesions similar to those found in man in subacute and 
chronic nephritis. 

Annett gave to some kittens milk containing 80 grains of boric acid 
to the gallon, to others milk with half this amount of the preservative, 
while a series had milk without any addition. All were allowed to drink 
the milk ad libitum. By the end of the fourth week all those having the 
larger amount died after having become markedly emaciated. Those hav- 
ing the milk containing 40 grains of boric acid per gallon also became thin, 
and later died. All the controls remained healthy and increased in weight. 
The same investigator found that kittens three months old were not af- 
fected by milk containing 80 grains of boric acid per gallon. From his 
work Annett concludes that boric acid is especially harmful to the young 
and should -not he permitted in milk or other food given to infants. 
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Liebreieh gave t<> <»m* dog 2, mid to another 3, grains of boric acid daily. 
Vomiting occurred on the 12th and 15th days, but tlio dogs continued in 
apparent health, and after 30 days one had gained 2(50 grams in weight, 
and the other had lost nothing. To a third dog he gave 5 grains of borax 
daily for 00 days. On the 10th day there was some gastrointestinal irri- 
tation, hut the feeding was continued, and at the elo.se of the three months 
the animal had gained more than 3 kilos. Three rabbits had each 0.3 gram 
of boric acid daily for one month, and gained from 30 to 100 grams. 
From those experiments Liebreieh concluded: (1) There was no loss in 
weight, (21 there was no reduction in the absorption of fat, (3) there was 
a slight increase in the focal nitrogen, possibly indicating that protein ab- 
sorption was lessened, and (-4) the borax, and not the boric acid, made the 
urine alkaline. 

Hall, Hammond, and TmmielitVe used suckling pigs that were 2 months 
old when the experiment was begun. Half of these received from 3 to 37 
grains of boric acid each daily for 0 weeks, while the. controls bad the same 
food without the preservative. During the last 20 days the feces were 
collected and the nitrogen and fat determined. There were no appreciable 
differences between those fed on boric, acid and the controls. At the end 
of this period both sets had gained equally, and there was no evidence of 
diminished absorption of protein* or fats. Chittenden and (Joiss made an 
elaborate research on the effects of boraeie preparations on metabolism. 
The animals wen* first seen in ho in a state of nitrogenous equilibrium, an 
important, point apparently neglected by some other investigators. Then 
all the food was measured and weighed, and all the excreta collected and 
analyzed. The conclusions reached by these investigators are stated as 
follows : 

“Moderate doses of borax up to 5 grams per day, even when continued 
for some time, are without influence upon prntcid metabolism. Neither do 
they exert any specific inlluenee upon tho general nutritional changes of 
the body. Under no circumstances, so far as wo have been able to ascer- 
tain, does borax tend to increase body weight or to protect the proteid mat- 
ter of the tissues. 

“Large doses of borax, 5 to 10 grams daily, have a direct, stimulating 
effect upon proteid metabolism, as claimed by Gruber; such doses, espe- 
cially if continued, lead to an increased excretion of nitrogen through the 
urine, also of sulphuric acid and phosphoric acid. 

“Doric acid, on the other hand, in doses up to 3 grams per day, is 
practically without influence upon proteid metabolism and upon the gen- 
eral nutrition of the body. 

“Dorax, when taken in large doses, tends to retard somewhat the as- 
similation of prntcid and fatty foods, increasing noticeably the weight of 
the feces and their content of nitrogen aud fat. With very large doses 
there is a tendency toward diarrhea, and an increased excretion of mucus. 
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Boric acirl, on the contrary, in doses up to 3 grains per day is wholly with- 
out influence in these directions. 

“Borax causes a decrease in tlie volume of the urine, changes the re- 
action of the fluid to alkaline, and raises the specific gravity, owing to the 
rapid elimination of the horax through this channel. Under no circum- 
stances have we observed any diuretic action with either borax or boric 
acid. The latter agent has little effect on the volume of the urine. 

“Both borax and boric acid are quickly eliminated from the body 
through the urine, twenty-four to thirty-six hours being generally suffi- 
cient for their complete removal. Rarely are they found in the feces. 

“Neither borax nor boric acid has any influence upon the putrefac- 
tive processes of the intestine as measured by the amount of combined 
sulphuric acid in the urine, or by Jaffc’s indoxyl test. Exceedingly large 
doses of borax are inactive in this direction, not because the salt is with- 
out action on microorganisms, but because of its rapid absorption from 
the intestinal tract. 

“Borax and boric acid, when given in quantities equal to 1.5 to 2 per 
cent, of the daily food, are likely to produce nausea and vomiting. 

“Owing to the rapid elimination of both borax and boric acid no 
marked cumulative action can result from their daily ingestion in mod- 
erate quantities. 

“At no time in these experiments was there any indication of abnor- 
mality in the urine ; albumin and sugar were never present.” 

As has been pointed out by Chittenden and Geiss, the experiments of 
Cvon, Gruber, and Forster gave contradictory results. Cyon (14) con- 
cluded that borax, even to the extent of 12 grams per day, may be taken 
by dogs not only without the slightest disturbance, but with increased 
protein assimilation. On the other hand, Gruber (24) arrived at the 
diametrically opposite conclusion that borax causes increased disintegra- 
tion of protein tissue, and Forster (19), not agreeing with either, decides 
that borax has no effect upon protein metabolism. 

Tunnicliffe and Rosenheim (71) tested the effect of borax prepara- 
tions on three children, two healthy boys, two and one half and five years 
of age, and a delicate girl, recently recovered from pneumonia, aged four. 
The food, which consisted of milk, bread, butter, meat, and fruit, was 
carefully measured and weighed, and the excreta were collected and an- 
alyzed. The children were kept in a condition of nitrogen equilibrium. 
They were given borax, boric' acid, and a mixture of the two, and the con- 
clusions are stated as follows : 

" Boric Acid. — (1) Small doses up to 1 gram a day exert in healthy 
or delicate children no influence upon proteid metabolism. The assimila- 
tion of the proteid food was improved in one healthy child. (2) The 
phosphorus metabolism was unaffected in all cases. The assimilation of 
phosphorus was in all cases improved. (3) The assimilation of fat was 



not affected. (4) The body weight was increased in all eases. (5) The 
quantity of dry foees was not alfeetod. Their nitrogen percentage was 
slightly decreased. ((>) No inhibitory effect upon intestinal putrefaction 
could he demonstrated. 

“1 >ow.r. — (1) Continued doses of 1.5 grams have no influence in 
healthy or delicate children upon proteid metabolism. The proteid as- 
similation was unaffected in healthy children, slightly depressed in the 
delicate child. (2) The phosphorus metabolism was not affected in healthy 
or delicate* children. The assimilation of phosphorus was improved in all 
eases, the improvement being least, marked in the cast* of Iho delicate child, 
(d) The fat assimilation was improved in the cast* of one healthy child 
and unaffected in the cast* of the others. (4) The body weight was in- 
creased in all cases; the increase was most marked in (lie ease of the deli- 
cate child. (5) The weight of dry feces and their nitrogen and phos- 
phorus percentages remained unaltered. (<l) Horax ten tied rather to in- 
crease intestinal putrefaction. 

“Doric Acid mid Jiora.r . — (1) Tlnth boric acid and borax were quickly 
eliminated, no cumulative ad ion being therefore probable. (2) Neither 
boric acid nor borax in any way affected tin* general health and well-being 
of the children.” 

Wiley (TO with his “poison squad” has math* a voluminous report on 
the effect of boric, acid and borax upon metabolism and the general health. 
Young men (selected from numerous volunteers, presumably on account 
of their good health, although apparently some had albuminuria to start 
with) were fed upon weighed and measured foods, and their excretions 
were collected and analyzed. The preservative was given once, a day, in 
capsule; thus, the daily dose was not distributed through the food or even 
through the meals, hut taken at one meal. Space will not permit any ade- 
quate statement of this extensive work, and we will content, ourselves with 
giving Wiley’s general conclusions and Liehreieh’s criticism of the work. 

Concerning the effect, of boric acid and borax upon general health, 
Wiley makes the following statements: “The most interesting of the ob- 
servations which were made during tin* progress of tin* experiments was 
in the study of the direct effect of boric acid and borax, when administered 
in food, upon health and digestion. When boric acid, or its equivalent in 
borax, is taken into the food in small quantities, not exceeding half a 
gram a day, no notable effects are immediately produced. The medical 
symptoms of the cases, in long-continued exhibitions of small doses, or in 
large doses extending over a shorter period, show in many instances a 
manifest tendency to diminish the appetite and to produce a feeling of 
fullness and uneasiness in the stomach, which, in some eases, results in 
nausea, and a very general tendency to produce a sense of fullness in the 
head, which is often manifested as a dull and persistent headache. In 
addition to the uneasiness produced in the region of the stomach there ap- 
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pear in some instances sharp and well located pains which, however, are 
not persistent. Although the depression in the weight of the body and 
some of the other symptoms produced persist in the after periods, there 
is a uniform tendency manifested after the withdrawal of the preserva- 
tive toward the removal of the unpleasant sensations in the stomach and 
head above mentioned. 

“The administration of boric acid to the amount of 4 to 5 grams per 
day, or borax equivalent thereto, continued for some lime results in most 
cases in loss of appetite and inability to perform work of any kind. In 
many cases the person becomes ill and unfit for duty. Four grams per 
day may "be ingested, then, as the limit' of exhibition beyond which the 
normal may not go. The administration of 3 grams per day produced the 
same symptoms in many cases, although it appeared that a majority of the 
men under observation were able to take 3 grains a day for a somewhat 
protracted period and still perform their duties. They commonly felt 
injurious effects from the dose, however, and it is certain that the normal 
man could not long continue to receive 3 grams per day. 

“In many cases the same results, though less marked, follow the ad- 
ministration of borax to the extent of 2 grams, and even of 1 gram per 
day, although the illness following the administration of borax and boric 
acid in these proportions may he explained in some cases by other causes, 
chiefly grippe. 

“The administration of borax and boric acid to the extent of one half 
gram per day yielded results markedly different from those obtained with 
larger quantities of the preservative. This experiment, Series V, con- 
ducted as it was for a period of 50 days, was a rather severe test, and it 
appeared in some instances a somewhat unfavorable result attended it. 
On the whole the results show that one half gram per day is too much for 
the normal man to receive regularly. On the other hand, it is evident that 
the normal man can receive one half gram of boric acid, or borax ex- 
pressed in terms of boric acid, for a limited period of time without much 
danger or impairment of health. 

“It is, of course, not to he denied that both borax and boric acid are 
recognized as valuable remedies in medicine. There are certain diseases 
in which these remedies arc regularly prescribed for both internal and ex- 
ternal use. The value which they possess in these cases does not seem 
to have any relation to their use in the healthy organism except when 
properly prescribed as prophylactics. The fact that any remedy is 
useful in disease does not appear to logically warrant its use at any other 
time. 

“It appears, therefore, that both boric acid and borax, when continually 
administered in small doses for a long period, or even when given in larger 
quantities for a short period, create disturbances of appetite, of digestion, 
and of health.” 
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Liebreicli (IS), aft or a critical review of Wiley’s work, states his final 
conclusions as follows: 

“Tims, the conclusion drawn from an exhaustive examination of the 
figures and reports drawn up by Dr. Wiley is that no injurious effect was 
produced by the administration of the boron preservatives. The symp- 
toms of ill health noticed during the attendance at the borax table must 
he attributed to inefficient hygienic conditions and to an injudicious mode 
of administering the preservative, as well as in a few cases to an unsuit- 
able choice of persons for this experiment, in spite of medical examination. 

(1) “With regard to weight, Dr. Wiley assumes that a loss of weight 
resulted. The average loss of (>N0 grams is so slight tlial it need not be 
ascribed to the list 1 of boric acid and borax, but cun be explained by chance 
occurrences at tin* preservative table. 'Moreover, a loss of weight does not 
by any means always mean an injurious intiucnce. 

(2) “The experiments on metabolism were undertaken with no equili- 
brium (if nutrition. 

(il) ‘‘The five periods are too short to prove regularity in feeding. 

(4) “The percentages of nitrogen and phosphoric acid in the food 
were constantly changing, consequently: 

(5) “It is impossible to decide whether the excretion increased during 
the preservative period. 

(0) “Dr. Wiley calculates tin* elimination of phosphoric acid in per- 
centages. This method of reckoning is a fault in calculation when the 
supply of phosphoric acid is not. constant, the more so that Dr. Wiley’s 
figures are obtained promiscuously from positive and negative phosphoric 
acid balances in the five periods. 

(7) “Oil considering the separate tables we see that in the rise and fall 
of the elimination of phosphoric acid there is no connection between the 
magnitude of the dose of the preservative, or the number of days in the 
preservative period, and the amount of elimination of phosphoric acid. 

(8) “The hygienic arrangements were not on a seale to do justice to 
every individual. 

(b) “The medical supervision and self supervision were not sufficient 
for experiments of this kind. 

(10) “The administration of the preservative, that is, of borax and 
boric acid, in capsules, allows of no conclusions as to the effects of borates 
when added to food. 

(11) “It is not necessary to go into the question of calories. 
Wiley’s own words explain this best. He says: ‘The data are not wholly 
decisive, but very suggestive.’ He does not say why they are suggestive, 
and lie himself adds that his investigations were not thorough enough. 

(12) “Ho lasting injury to health was found in spite of transient dis- 
turbances caused by the room used for experiment and the administration 
of the borax compounds in capsules. On the contrary, all the persons de- 
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clared themselves to be in better physical condition after seven months tban 
they had been before.” 

The Preservative Properties of Borax and Boric Acid.-While toxicol- 
ogists are quarreling about the effects of borax and boric acid upon the 
animal’s body, we may find it both more pleasant and more profitable to 
turn to another aspect of the question and learn to what extent and under 
what conditions these bodies do preserve foods. It will be best to consider 
the preservative effects of the boron preparations on certain foods. They 
are added to milk to keep it sweet. The souring of milk is due to the 
growth and multiplication of the lactic acid bacillus, which converts the 
milk sugar into lactic acid. The rapidity with which milk sours de- 
pends principally upon two things: (1) The number of bacteria in it to 
start with. The cleaner a milk is, and the more care given to the cleanli- 
ness of the vessels in which it is kept and transported, the longer will the 
milk remain sweet. (2) The temperature at which it is kept. Within 
certain limits the higher the temperature at which milk is kept the quicker 
will it sour. Good clean milk when kept at 60° F. without any preserva- 
tive will keep sweet about 48 hours, with 0.05 per cent, of boric acid it 
will remain sweet about SO hours, and with 0.10 per cent, about 100 hours. 
At 65° F., without any preservative, good, clean milk will keep sweet 
about 36 hours, with 0.05 per cent, boric acid about 48 hours, and with 
0.10 per cent, about 56 hours. At 80° the natural, clean milk will keep 
sweet 20 hours, with 0.05 per cent, of boric acid about 24 hours, and with 
0.10 per cent, about 30 hours. It will be seen by these figures that the 
use of boron preservatives in milk is for the sole purposes of avoiding the 
expense and care necessary to keep the milk sweet, and the more cleanli- 
ness is neglected, and the less the attention given to refrigeration, the 
more of the preservative must be added to keep the milk from souring. 
Moreover, and what is more important, while boron preservatives retard 
the growth of the lactic acid bacillus, they have in the above given per- 
centages no such effect upon the colon, typhoid, and other toxicogenic 
bacilli. Such preservatives, therefore, when used in milk, take down the 
danger signal without removing the danger, and their use in milk should 
be absolutely prohibited, and this should be done without any reference 
to the possible injurious effects of the borax preparation itself upon the 
consumer of the milk. 

It also seems that there can be no question concerning the desirability 
of absolutely interdicting boron and all other chemical preservatives in 
canned food. The objects in such additions are twofold. (1) To preserve 
the food until it is sterilized by heat in the process of canning, and (2) 
to prevent the decomposition of the contents of the can in case the steri- 
lization by heat is defective. The food manufacturer should not be per- 
mitted to add a preservative for either of these purposes, and to advertise 
fresh meat canned when in reality the contents of the can consist of bits 
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preserved by chemical agents, and subsequently canned, is to practice fraud 
which ill e law should prohibit and punish when done in violation of the 
law. 

There are other instances in which the desirability of absolutely pro- 
hibiting* the use of horon preservatives is not so clear. We will give only 
one illustration of this kind. Hams, sides of hacoii, and cured fish, when 
transported through long* distances, or kept for weeks in warm weather, 
are often sprinkled with boric acid, or, more* properly speaking, packed in 
this substance. It has been shown experimentally that, boric acid is espe- 
cially valuable in preventing the development of aerobic bacteria, and when 
sprinkled on meat, it- penetrates slowly, and at the same time prevents the 
growth of bacteria on the surfuee of the meat. When meat thus preserved 
reaches the consumer much of the boric add which exists as a dry powder 
oil the surface is brushed off, and more of it is removed by the overnight 
soaking* to which such incuts arc generally subjected. At present it seems 
that it would lie -wiser to regulate, rather than prohibit, this use of the 
boron preservatives. There should be a maximum limit, and all such food 
should be labeled “bora ted.” 

Potassium OunoiiATE 

Symptoms. — Fortunately potassium chlorate is not ho generally used 
as if. was twenty years ago, because it luis been found to be highly poison- 
ous. it. owes its poisonous ucliuii to (lie fact dial. if. converts the hemo- 
globin of the blood into mol hemoglobin. Tlio readiness >01111 which this 
action takes place depends upon several conditions. The higher the tem- 
perature the more 1 rapidly is the poisonous action manifested; therefore 
potassium chlorate is especially harmful when administered in fevers, ex- 
actly the condition in which formerly it was most generally proscribed. 
In the second place, decreased alkalinity of the blood favors its poisonous 
action, and the dyspnea which often accompanies throat affections, in 
■which this salt has been so widely used, decreases the alkalinity of the blood 
by interfering with the elimination of carbonic acid gas. Tn the third 
place, the density of the blood influences the poisonous action, and by the 
addition of such indifferent sulisUiuecs as sodium chlorid and sugar the 
intensity of the effect is increased. When relatively small doses of the 
poison are administered the transformation of hemoglobin begins within 
the corpuscle, but. with larger quantities the equilibrium between the 
formed elements and the plasma is destroyed, the corpuscles go to pieces, 
and the transformation continues in solution. The debris of the disin- 
tegrated corpuscles accumulates in various organs, interrupting their func- 
tions, and at the same lime, I lie* oxygen-carrying* power of the blood being 
diminished, disturbances of metabolism result. In acute poisoning, which 
has resulted from mistaking the chlorate for purgative salts and swallow- 
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ing large quantities in a fasting condition, death results in a few hours. 
Vomiting, diarrhea, dyspnea, marked cyanosis, and weakness of the heart 
are the most prominent symptoms. In such cases the only constant change 
found after death is that resulting from the action of the poison on the 
red corpuscles. In less acute cases, such as Have been observed from its 
excessive use in throat affections, the detritus resulting from the disin- 
tegration of the red blood corpuscles will be found collected in such organs 
as the kidney, spleen, liver, and bone marrow. Even the corpuscles which 
are not broken up appear as though they contained nuclei. The bone mar- 
row is brown, and tilled with disintegrated corpuscles. Both the straight 
and convoluted tubules of the kidneys are filled with cylinders made up 
of cellular detritus. Ide (31) reports the case of a man who, on account 
of a sore throat, swallowed twenty lozenges of potassium chlorate, six 
grains in all. After a few hours he suffered from abdominal pain, vom- 
ited and passed dark stools. The next day he was markedly cyanotic and 
passed only a small amount of urine which contained albumin and hemo- 
globin. Later coma developed, and death occurred eight days after taking 
the poison. 


Bismuth Subhitrate 

Symptoms. — It is still a question whether or not chemically pure bis- 
muth subnitrate ever manifests poisonous action. This substance, whieh 
is largely employed in medicine, may contain traces of arsenic. However, 
the percentage of arsenic present is, according to Chittenden, very small, 
varying from 0.004 to 0.07 of one per cent. In cases of arsenical poison- 
ing the plea is often made by the defense that the arsenic found by the 
chemist is due to the presence of this substance in bismuth subnitrate ad- 
ministered to the victim medicinally. It is needless to say that this claim 
should not have the slightest weight when arsenic is found in any weigh- 
able quantities. 

Dalche (15) reports two cases of chronic poisoning from bismuth sub- 
nitrate applied to raw surfaces. In the first case a bismuth dressing was 
applied externally, for an extensive burn of the third degree, daily for one 
month. The first untoward symptoms which might be attributed to the 
bismuth appeared about the expiration of the second week, when a false 
membrane appeared on the uvula and tonsil. Underneath this membrane 
the tissue was black, and two days later a deep brown line was observed 
along the gums of the lower jaw. This remained permanent, and during 
the fourth week grave symptoms appeared. The stomach became ex- 
ceedingly irritable, and vomiting was induced by both foods and medicines. 
A severe diarrhea set in, and the urine was found to contain a large amount 
of albumin. Although the dressing was discontinued at the end of the 
fourth week, for the reason that bismuth was found in the urine, and was 
48 a 
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now suspected of bring i lie cause of the untoward symptoms, the condition 
of the patient gradually grew more serious. The gums were shrunken and 
many of the teeth were loosened, while the alimentary canal seemed to be 
stripped of its mucous membrane in patches from the month to the anus. 
However, the patient finally recovered. In the second case an amputation 
above the knee was freely dressed with powdered bismuth subnitrate. 
Fifteen days after this dressing was begun salivation appeared, and shortly 
afterward there was a well-marked stomatitis. In this case also a black- 
ish blue line was found along the gums. Bismuth was detected in the 
urine, and led to the suspicion that the dressings were causing the trouble. 
When these were discontinued recovery gradually followed. A thorough 
chemical study of the powder in both of these eases showed that the sub- 
nitrate was absolutely pure, with the exception of the fact that it contained 
traces of the oxyelilorid of bismuth. It was suggested that in both of 
these instances bismuth was dissolved l>y the purulent secretions of the 
wounds, probably with the formation of an albuminate. 

As early as 18K2 Kocher (J'8) reported upon the injurious effects that 
may follow the dusting of wounds with bismuth sulmitratc. In such a 
case he observed that the mucous membrane of tbe mouth became dark, the 
coloration beginning about, the teeth; diarrhea set in, and a desquamative 
nephritis followed. It is worthy of note that it was Koclier (37) who 
recommended bismuth sulmitvate as dressing for wounds, but it was soon 
found unsuitable for this purpose because it forms irritating concretions, 
and, as first, pointed out hv Kocher himself, il is not free from poisonous 
effects when thus employed. Petersen (57) reported a case of bismuth 
poisoning from the use of sulmitratc, and, similar eases being observed, 
the employment of this agent as a surgical dressing has been largely 
abandoned. However, bismuth sulmitratc is still occasionally used as a 
dusting powder, especially after extensive burns, and instances of poison- 
ing following this use have been observed by kliililig (51), Dressmann 
(17), and Don (10). The last- mentioned authority also reports a case 
in which a severe stomatitis followed 3(> hours after the injection of bis- 
muth paste into an abscess cavity at the knee. 

The more recent employment of large quantities of bismuth subnitrate 
by the radiographer lias demonstrated that acute, fatal poisoning may re- 
sult. Benneeko and Hofmann report a case in which three grains of bis- 
muth subnitrate mixed with 100 c. c. of buttermilk was introduced into 
the stomach of a child three weeks old. Homo twelve hours later the child 
became cyanosed, collapsed, and died. Similar eases have been reported 
by Bdlinie and others. It has been suggested that the untoward effects in 
these eases are due to the reduction of nitrate to nitrite by bacterial 
agencies. Indeed it has been demonstrated that when the colon bacillus is 
grown in beef-tea in which bismuth sulmitratc is suspended reduction 
occurs and nitrite is formed. The cyanosis, sudden collapse, and methe- 
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moglobinemia found in these cases arc conditions that are quite charac- 
teristic of nitrite poisoning. Beck (3) concludes a review of this subject 
as follows : “In the presence of certain bacteria in the feces of children 
bismuth subnitrate will liberate nitrites, which will be absorbed by the 
intestines and eliminated by the kidneys, and if the production is faster 
than the elimination methemoglobinemia will result. In large doses by 
mouth it is liable to produce an acute nitrite poisoning characterized by 
cyanosis, collapse, methemoglobinemia, and may terminate fatally. Rec- 
tal injection of small doses may cause nitrite poisoning much quicker and 
more severe than when administered by mouth. Children are more sus- 
ceptible to nitrite poisoning due to administration of bismuth subnitrate. 
Persons suffering with intestinal putrefaction are very susceptible to 
nitrite poisoning when bismuth subnitrate is injected into the bowels. 
Bismuth injected into sinuses may be gradually absorbed, and ultimately 
find its way into the liver, spleen, muscles, and intestine. Black borders 
on the gums, ulcerations of mucous membranes, diarrhea, and desquama- 
tive nephritis may appear several weeks following the injection of the 
paste. Afler the introduction of large quantities of bismuth paste into 
suppurating sinuses mild symptoms of nitrite intoxication may appear. 
Acute nitrite poisoning is to be regarded as a distinctly separate affection 
from the more chronic bismuth absorption. Radiographers should employ 
some other preparation of bismuth than the nitrate, and refrain from in- 
jections of suhnitrate into the howels, especially if intestinal putrefaction 
is present.” 


The Mineral Acids and Inorganic Gases 

The local effects of the mineral acids are dependent upon concentra- 
tion rather than upon the amount. When applied to ’the skin or brought in 
contact with the mucous membrane the undiluted mineral acids destroy the 
tissues. When applied during life the area of contact is soon surrounded 
by one of inflammation, but when applied after death, while the tissue is 
destroyed, there is no evidence of inflammatory action. Usually when 
concentrated mineral acids are swallowed the mouth and stomach show 
the most marked effects, and the esophagus may escape with only slight 
irritation. However, in exceptional cases the lower part of the esophagus 
suffers most severely, and perforation just above the cardia has been ob- 
served. When the volume swallowed is not large the acid passes down the 
esophagus and along the smaller curvature of the stomach toward the 
pylorus, and in these cases the most noticeable changes will he found along 
this line, and the frequency of pyloric ulceration and stenosis after poison- 
ing with the strong mineral acids is thus explained. When the changes 
induced in the stomach arc not sufficient in and of themselves to cause 
death the gastric juice may digest llie portions of the walls over which 
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the mucous membrane lias boon destroyed, and in this way late perforation 
may oeenr. It should be plainly staled, however. Ilia I, the poisonous 
effects of llie mineral acids are not wholly confined to local destruction 
of tissue; they may cause dealh by diminishing the alkalinity of the blood. 
In order that lids result may follow it is by no means neeessary that the 
blond in the peripheral vessels should lose its normal alkalinity, inasmuch 
as death would occur almost immediately after coagulation of the blood 
in the larger vessels. The life of herbivorous animals is easily jeopardized 
by increasing the amount of acid introduced into the body; while, the car- 
nivorous animals and man may bear relatively large* quantities of acid, 
provided it bo administered in sufficiently dilute form. This difference is 
explained by the fact that carnivorous animals may, in ease of need, sup- 
ply a large amount of ammonia which will neutralize the acid. Indeed, 
the greater part of the nitrogen which is eliminated by man in health in 
the form of urea may, under certain conditions, appear in the urine in the 
form of ammonia combined with some acid. The benefit to the animal 
body derived from its ability to furnish an alkali with which acids may 
be neutralized is seen in some forms of diabetes, in which the quantity of 
oxy butyric acid formed in the organism is large. 

The administration of the mineral acids with murderous intent is 
seldom practiced, and the victims in the few eases that have occurred have 
generally beeu insane persons or young children. The larger number of 
deaths resulting from the administration of the strong mineral acids is 
found among suicides. It. seems that, the extensive destruction induced by 
these agents has a fascination for the diseased mind intent on suicide. 
The stronger mineral acids, especially sulphuric, have occasionally been 
used for the purpose of disfiguring the face. Accidental death from the 
strong mineral acids is an occasional, but somewhat rare, occurrence. 

Sulphuric Acid 

Symptoms. — When brought in contact with the skin concentrated sul- 
phuric acid causes marked pain, and the area of application becomes at 
first white aud then brown. After a few minutes the adjacent skin be- 
comes red and swollen. The epidermis is destroyed instantaneously, and 
the destructive action may extend to the deeper tissues. Suicides in at- 
tempting to swallow concentrated sulphuric acid often find themselves 
unable to do so on account of spasm of the* pharynx, and the fluid poured 
into the mouth runs out. over llie chin and neck. When tin* area of skin 
destroyed by concentrated acid is great, intestinal ulceration develops as it 
dot's after extensive hums, and the individual falls into a somnolent con- 
dition terminating in coma and death. This is undoubtedly due, as it is 
in the case of extensive burns, to alterations induced in the blood. When 
concentrated sulphuric acid is thrown into the eyes conjunctivitis and 
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keratitis result, and those are frequently followed by glaucoma, which 
leads to blindness.' 

When death is accomplished by swallowing the acid brownish marks 
are frequently seen extending from the corners of the mouth over the 
lower jaw and down upon the neck. Frequently the lips are excoriated 
and may be burned brown or even black. The mucous membrane of the 
mouth and tongue is covered with a white, grayish, or brownish layer of 
altered tissue. The concentrated acid actually burns and destroys the 
histological elements of the mucous membrane. In the stomach similar 
changes are found, but the destructive action is frequently deeper than 
it is in the mouth. The walls may be pierced, and the effects of the acid 
may be seen on adjacent organs. Perforation has been reported in about 
one-third of the cases, but is dependent upon the strength and amount of 
acid reaching Iho stomach. Plack and charred spots, consisting of decom- 
posed blood pigment, may be seen in the stomach, and in case of perfora- 
tion in the peritoneal cavity. Alterations in the intestines resemble those 
in the stomach, hut are less intense, and gradually grow less marked in 
the lower portions. If life bo not immediately destroyed parenchymatous 
inflammation may develop in the liver and kidneys. 

Fagerund reports seven deaths from sulphuric acid. Two were mur- 
ders, four were suicides, and one was accidental. In one of these a servant 
administered to an insane woman a wineglassful of concentrated sulphuric 
acid. Severe vomiting immediately followed, and death occurred within 
sixty hours. Section showed brownish spots on the chin and hands. The 
tip of the tongue was ulcerated, and marked ecchymoses were found 
throughout the mouth, esophagus, and along the larger curvature of the 
stomach. In the second case of murder a mother administered an un- 
known quantity of concentrated sulphuric acid to her illegitimate child. 
Death occurred within a few hours, and post-mortem examination showed 
extensive destruction of tissue in the pharynx, esophagus, and stomach. 
In two of the cases of suicide death occurred in about twelve hours, and 
the mucous membrane of the tongue, pharynx, esophagus, and the upper 
part of the small intestine was found to be extensively destroyed. In 
one of the suicidal cases the acid was taken with the belief that it would 
induce abortion. Death did not occur until about fourteen days after the 
acid had been taken, and was due to the local destructive action of the 
poison. In the accidental case a man drank sulphuric acid, supposing it to 
be brandy. The mucous membrane of the tongue was destroyed," while 
that of the esophagus was dark gray in color, and the stomach contained 
half a liter of dark fluid blood. 

Chronic poisoning with dilute sulphuric acid is rare, and probably 
does not occur in this country. Kobert states that sulphuric acid is some- 
times added to brandy, and also to wine, in France in order to improve 
the taste of these drinks and to make them “bite." In animals experi- 
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mentally poisoned with dilute sulphuric acid there is an increased elimi- 
nation of lime salts in the urine. Dilute sulphuric acid is sometimes 
added to wine for tlu i purpose of precipitating the gypsum, and it is pos- 
sible that the acid sulphate of lime thus formed, together with traces of 
free acid, may he a source of danger to life. According to ICobcrt, acid 
sulphate of lime is ail important factor in death from inanition in lierbiv- 
orous animals, inasmuch as the sulphuric acid which results from tlie 
oxidation of the sulphur of the protein tissue is insufficiently neutralized. 
According* to the same authority, so-called neutral sulphate of potassium 
may cause death. In such cases section shows the stomach and intestines 
inflamed, and these effects arc attributed to the presence of the acid sul- 
phate or to other impurities. 

Treatment, — Tn case of poisoning* with sulphuric acid any of the alka- 
line carbonates properly diluted may he administered ; or chalk or calcined 
magnesia may he given suspended in milk or water. It should be under- 
stood, however, that after the acid has destroyed tissue neutralization will 
not repair the damage done. It can only prevent the further action of tlie 
poison. 


Sulphurous Acid and Ihc Sulphites 

Properties and. Uses. — -Sulphurous acid is known and used as the anhy- 
dride, or in the form of a sulphite. The gas has many useful applications, 
some of the most, import uut of which arc (ho following*: (1) It, is largely 
employed as a disinfectant for rooms and their contents after infectious 
diseases. This use, however, is being* superseded in part by formaldehyde, 
which is more easily liuinaged, and for most purposes quite as efficient. 
(2) It is used as a blenching agent, especially for textures made of straw 
and hark. (3) Sulphur is burned in empty wine casks, preparatory to 
refilling*, in order to destroy bacteria and molds. Inasmuch as this in- 
tx’oduces a small amount of sulphite into the wine, many attempts have 
been made to discover some suitable substitute for burning sulphur, but, 
so far, without success. Tlie German law, which is quite stringent against 
the addition of sulphite to food, permits the disinfection of wine casks 
with burning sulphur. (I) Dried fruits, apples, and pumpkins are some- 
times treated while in course of preparation with the vapor of burning 
sulphur. The moisture in the fruit absorbs the sulphur oxid, which acts as 
a preservative. (f>) The acid sulphites are, employed extensively in the 
preparation, of wood pulp for the manufacture of paper, “the sulphite 
process” being used at the present time to tlie practical exclusion of all 
others. (0) The sulphites lmve been widely used as food preservatives. 
Sodium sulphite, often mixed with boric acid or borax and sodium bicar- 
bonate and sold under some fanciful name, such as “XXX preservative,” 
is the salt most generally employed, and it finds its widest application to 
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the so-called Hamburger steaks. These are made by taking tlie bits that 
accumulate about the meat block, passing them through a sausage grinder 
and sprinkling with the preservative. In Pennsylvania there have been 
many arrests for this form of food adulteration, and conviction has gen- 
erally resulted because there has been no difficulty in showing that the 
salt, even in relatively small doses, is a potent poison. 

Poisonous Effects of the Gas.— In 1883 Ogata (53) made a study of 
the effects of sulphur dioxid on rabbits, guinea-pigs, and mice. He found 
that these animals could he exposed to an atmosphere contai ni ng 0.4 per 
cent, volume without permanent injury, but that it caused dyspnea and 
corneal cloudiness which persisted for some days. Two years later Leh- 
mann (45) continued these investigations and studied the effects of the gas 
on men, those unaccustomed to it and those who worked in a wood pulp 
factory. Pie found that the former could breathe without marked discom- 
fort an atmosphere containing 0.02 per cent, volume of the gas, but when 
the amount was increased to 0.03 or to 0.04 per cent, continued stay in the 
room was impossible. However, the workmen in the pulp factory breathed 
this atmosphere without being conscious of any harm, and they were found 
to be quite healthy. The air in the factory varied in S0 2 content in dif- 
ferent parts, and at different times of the day from 0.0005 per cent, to 
0.0367 per cent. 

Effects of Sodium Sulphite on Animals. — If 10 c. c. or more of a 10 
per cent, solution of sodium sulphite be introduced into a rabbit’s stom- 
ach through a tube the animal soon springs from the floor once or twice, 
then falls, and in a few minutes is dead. Section shows the following 
conditions: The lungs are congested hut otherwise normal. There may 
be small hemorrhages in the muscles of the heart. The inudosa of the 
stomach is highly inflamed and shows here and there hemorrhagic spots; 
it is easily detached from the deeper tissue. The mucous membrane of 
the small intestine is highly congested. The liver is markedly hyperemic 
and the kidney is also quite congested. But one may say with truth that 
a strong solution of common salt has practically the same effect, and that 
this does not show that the small amount of sodium sulphite added to meat 
as a preservative is harmful. We will therefore attempt to ascertain what 
the small quantities of this preservative may do. 

Kionka (34) was the first to study the effects of the long-continued 
administration of meat treated with sulphite preservative on animals, and 
largely upon his report the German government was induced to enact a 
law forbidding the addition of sulphite to meat. This led to counter ex- 
periments, and in 1902 Eionka and Ebstein (35) repeated the investiga- 
tions of the former, apparently with great care. They chose dogs for 
their subjects, and knowing that Pfltiger had shown that dogs were seri- 
ously affected by an exclusive meat diet, especially one of horse flesh, they 
gave their animals good beef, mixed with bread and potatoes. Three dog3 
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received moat, mixed -with 0.2 per cent, sodium sulphite, and three had 
meat treated with 0.1 per emit, of a sulphite preservative. The animals 
were well cared for, being kept in roomy, well-lighted and ventilated 
cages, and given exercise out of doors in good weather, and in the room at 
other times. The meat, was freshly prepared each day. This feeding 
was continued for from <54 to <>7 days, ami then, after two days on food 
without preservative, the animals were killed hy opening the carotid. In 
two dogs the blond was washed mil with a 0.75 per cent., sodium eld or id 
solution. During Ihe whole period ihe animals were apparently in good 
health. The appetite and stools were normal, and at first all gained in 
weight, after which the weight remained constant. Only two of the dogs 
manifested anything worthy of note during the feeding, and these were 
pregnant bitches. As early as ISflfl Hernatzik and Draim had reported 
upon the abortive action of the sulphite administered to pregnant women. 
On the 30th day of the feeding one bitch dropped a dead puppy, and later 
the other prematurely gave* birth to four young ones, one of which was 
dead; two died soon after birth, and the other one on the 14th day. In 
both instances birth was followed by hemorrhage that lasted several clays. 

The dogs were carefully sectioned, and their organs, after proper 
preparation, were 1 submitted to microscopical examination. Three showed 
hemorrhages in the lungs; four subendocardial hemorrhages; four hemor- 
rhages of the pyloric portion of the stomach; three inflammation and 
hemorrhage in the intestinal mucous membrane, and all hemorrhagic 
nephritis. Other animals used in Ihe same laboratory for other purposes 
and killed by the same method did not, show those, abnormalities. There- 
fore, the authors conclude that, the sulphite was responsible for the lesions, 
and that it, is a blood poison. 

The above, mentioned experiments and the conclusions derived there- 
from have been criticized by bobbin and Liebreich. The latter claims 
that, dogs used in laboratories for experimental purposes arc often un- 
healthy, and besides that an excess of meat, in the food will cause the 
nephritis reported hy Kionka and Kbstein. In his Philadelphia testimony 
this German savant stated: “The laws in Germany are not health laws, 
but they are political laws; everybody knows it, and the government itself 
will say that it is a political law.” It must he admitted that some of the 
pure food laws in this country are also political rather than health laws. 

Harrington (27), recognizing that, about, 25 per cent, of dogs kept in 
cages have nephritis, selected cats for his work. “Six cats were fed for 
twenty weeks, -five receiving six feedings weekly of meat containing 0.2 
per cent, of sodium sulphite, and the sixth receiving the same meat with 
no addition. The latter showed a constant gain in weight to the end; the 
others gained until about the ninth week, and then began to lose ground, 
frequently refusing food, or leaving it uneaten, but otherwise they showed 
no evidences of injury. At the end of twenty weeks they were killed with 
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chloroform, ancl examined by Dr. E. E. Tyzer, of the Department of Path- 
ology of the Harvard Medical School. There was no macroscopic evidence 
that this chemical had produced any changes in the organs, hut thin slices 
were ent from each of the organs of each cat, fixed in Zenker’s fluid, and 
then imbedded in paraffin and cut. Eosin and methylene blue were used 
for general staining, and Mallory’s stain -was employed also. The micro- 
scopical findings were by no means so extensive as those yielded by Ki- 
onka’s dogs. Indeed, apart from some slight, inconstant variations in the 
spleens, all of the organs of each animal were perfectly normal, with the 
exception of the kidneys, which, in all but the control, showed marked 
changes.” 

Schulz (64) fed three dogs ou meat treated with 0.2 per cent, of a 
preservative pi’epai*ation that contained 80 per cent, of sodium sulphite. 
The food was mixed, containing meat, fat, potatoes, and rice. At first 
horse flesh was given, but on becoming aware of the statement of Pfliiger 
that horse flesh may he harmful to dogs beef was substituted. The experi- 
ment was begun Nov. 12, 1901, and continued until Jan. 21, 11)02. Two 
of the clogs had diarrhea, accompanied by loss of appetite, and aversion 
to the food containing the sulphite. No. 1, which had retained apparent 
health, showed numerous hemorrhages in the lungs. Nos. 2 and 3 had 
marked gastrointestinal catarrh, and the inflammatory process extended 
into the snhmucosa, and indeed had involved the whole thickness of the 
intestinal wall. They also showed an inflammatory condition of the kid- 
neys. Schulz concludes that these pathological conditions could have 
been due only to the sulphite. 

The Preservative Action of Sodium Sulphite. — The addition of so- 
dium sulphite to chopped moat is not, properly speaking, for the purpose 
of preserving the food. A food preservative is a substance added to a 
fresh, un decomposed food, in* order to prolong the period that it may he 
kept good. As a rule the sulphite is not added to fresh meat, hut to that 
which is already decomposed, and generally to such an extent that it 
would not ho eaten by any one unless something were done to mask its 
real condition. In fact, the sulphite preservative is preferred to other 
meat preservatives, because, better than any other, it enables the dealer to 
dispose of products that he could not sell for food in any other way. The 
hits that have accumulated about the chopping block and which are al- 
ready badly decomposed are ground, and then sprinkled with the preserva- 
tive. The grinding brings out the color by exposing new surfaces and 
mixing the gray, sodden exterior of the pieces with the better looking in- 
terior, and the sulphite is added to hold the bright, normal color brought 
out in the grinding, and to hide the odor of decomposition. All admit 
that the sulphite holds the red color of the meat, hut the one who favors 
its use will deny that it will restore the normal color once lost by decompo- 
sition, and in this he is probably right. It is the grinding that freshens 



TOXICOLOGY 


7 PA 

the moat in appearance, aiul the sulphite holds tlio color restored by the 
grinding. Decomposition continues, not so fast, it is true, after tlio pre- 
servative has hem added. Tlio more advanced the decomposition at the 
time of grinding the more of tlio preservative is added, because more is 
necessary to hold the color and to mask the odor. This is the reason why 
Strosclier (70) found the greatest number of bacteria in those samples of 
chopped meat that contained the largest per cent, of sulphite preservative. 

Effects of the Sulphite on the Stomach and on Digestion. — That so- 
dium sulphite taken into the stomach neutralizes the free hydrochloric 
acid cannot he denied by any one, and the only answer of those who hold 
that the use of this salt in food is harmless is that the amount of the pre- 
servative' added is so small that any ill effect from the neutralization of the 
free acid is so slight that it may he disregarded. Fortunately, the neu- 
tralizing effect of the preservative may he easily calculated. A hungry 
man may eat at one meal 500 grams of meat, and this, if treated with the 
preservative at all, will contain not loss than 0.2 per cent, of the sulphite. 
It may contain twice as much or more. One per cent, of 500 grams is 5 
grams, and 0.2 per cent, is one gram. The normal gastric juice contains 
0.2 per cent, of free hydrochloric acid. One gram of sodium sulphite will 
neutralize in round numbers 0.»> grams of hydrochloric acid, which 
is the amount in 350 o. e. of normal gastric juice. The amount of 
gaslrie juice poured out at each meal varies greatly, but suppose that it 
lies between 500 and 1,000 <*. c., then from a little less than one-third to 
a little more* than one-seventh of it will lx* neutralized liy the preservative, 
and if one’s capability of digesting food is thus reduced day by day and 
meal by meal for an indefinite period tin* injury done is by no means so 
small that it may he disregarded. However, the fact that the free acid 
of the gastric juice is neutralized and rendered inert is not the worst 
feature of the. reaction between the. salt, and the acid. At the same time 
the sulphurous acid is set free and dissolved in the fluids of the stomach. 
Pfeiffer (5S) has shown that, very dilute aqueous solutions of this gas 
irritate and inflame the stomach, and when it reaches the proportion of 
0.5 per cent, it causes a severe gastritis. 

Nitric Acid 

Symptoms. — This acid is largely used in various manufactures, and 
medical literature contains the records of about four hundred cases of 
poisoning* with it, mosllv accidental. Nitric acid colors the skin yellow, 
and this becomes orange on the addition of ammonia. The coloration of 
protein matter by nitric acid is known as the* xanthoproteic reaction. 
When the acid is taken in solution of loss than 20 per cent, the local effects 
ire not prominent ; but when the concentration reaches 03 per cent, or 
nore the destructive action is similar to that of sulphuric acid. In the 
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intestines the mucous membrane is stained gray or grayish white, and this 
is regarded by Lesser as important in distinguishing between this acid 
and chromates. The stomach may be perforated and the abdomen dis- 
tended by gas. When death does not occur immediately the kidneys 
show an acute parenchymatous inflammation. According to Beilin, nitric 
acid in daily doses of from 10 drops to 15 grams is used in Russia as an 
nbortefacient. Chronic poisoning results from the treatment, and is char- 
acterized by tremor, insomnia, marked anemia, gastric catarrh, and dimin- 
ished secretion of urine. In two cases section has shown fatty changes of 
the heart, nutmeg liver, enlargement of the spleen, nephritis, and effusion 
beneath the meninges of the brain. It is possible that some of these ef- 
fects may have been due to arsenic in the acid. 

Ipsen (32) reports a case of poisoning with nitric acid in which the 
lips and the visible portion of the mucous membrane of the mouth were 
stained yellow when the patient was first seen, an hour after she had 
swallowed a small bottle of fuming nitric acid. The face was cyanotic and 
the extremities cold. Respiration was greatly accelerated, the pulse was 
rapid, and pressure over the region of the stomach caused severe pain. It 
was found to be impossible to administer antidotes or to wash out the 
stomach on account of stenosis of the pharynx, which had already super- 
vened. Cyanosis and dyspnea increased. Collapse became marked, and 
death resulted in three hours after swallowing the acid. Section showed 
that there had been perforation of the esophagus just above the diaphragm. 
The mucous membrane of the tongue, pharynx, and larynx was yellowish 
green, swollen, and easily detached from the subjacent tissue. The stom- 
ach was contracted, and the walls exceedingly brittle, but without perfora- 
tion. Extensive injury had also been done to the upper part of the duo- 
denum. Although, as stated above, there was no perforation of the stom- 
ach, acid was found in the peritoneal cavity, and the question arose as to 
whether or not strong nitric acid would penetrate the unbroken walls of 
the stomach. In order to decide this question Ipsen introduced a small 
quantity of nitric acid, diluted with an equal volume of water, into the 
stomach of a dead child. The body was placed in a cool cellar and left in 
a horizontal position for twenty-four hours. At the expiration of this 
time autopsy was made, and it was found that the acid had penetrated the 
walls of the stomach without perforation, and had stained adjacent por- 
tions. 

Rockel (39) reviews fully the poisonous action of the vapors of nitric 
acid, which consist of oxids of nitrogen, and he also gives an index of the 
most important contributions to the literature of this subject. Tie reports 
a case of a man who broke a large carboy of nitric acid and remained in 
the room for one hour. The individual was sixty-five years old, and al- 
though he immediately complained of some dryness of the throat and 
showed some tendency to cough, these slight symptoms passed away, and 
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lie felt quite well until six limirs Inter, when lie became short of breath, 
showed marked cyanosis, and tilt'd within a few hours. Experiments made 
with animals show like effects of this poison. A rabbit exposed for thirty 
minutes to the vapor of finning nitric acid showed rapid breathing for 
tifteen minutes after removal from the gas, and then apparently wholly 
recovered ; but thirty-six hours later died suddenly. Ivockel holds that 
the symptoms from tin* inhalation of the fumes of nitric acid are typical 
and characteristic both in animals and in men, and that when the irrita- 
tion is removed there is temporary recovery, followed by a reappearance 
of the rapid breathing and death. 

Treatment. — The treatment of nitric acid poisoning consists in the ad- 
ministration of the carbonates of the alkalies or alkaline earths, and the 
subsequent administration of mucilaginous drinks. The statement which 
has already been made under the head of sulphuric acid, concerning the 
inability of antidotes to repair damage already done by the acid, holds 
good for this poison also. 

Nitrous „ 1 rids and Nitriles 

Laughing gas is not irritating, but is a nerve poison. The other 
gaseous oxids of nitrogen are highly irritating, and when inhaled they 
induce coughing, cyanosis, dyspnea, and dizziness, and when inhaled in 
small amount for a long time a purulent, bronchitis may result. Fre- 
quently after inhalation of one of these gases the individual may feci quite 
well on withdrawal to a pure atmosphere, when some hours later there 
comes ou a sense of suffocation which grows move and more distressing 
and is followed by convulsions, terminating in death, the intellect, remain- 
ing clear to the last. Dentil is due to pulmonary edema. When the 
nitrites are swallowed the tirsi. effect, manifests itself in irritation of the 
mucous membrane of the stomach and intestines, followed by blood 
changes, the formation of mcthemoglobiu, an<l then come the evidences of 
action on the central nervous system. 

Hydrochloric Arid 

Symptoms. — As a result of swallowing hydrochloric acid stricture of 
the, esophagus is frequent, while perforation of the stomach is rare. Les- 
ser (4-0) reports tin* following case: A man took a ‘‘small swallow” of 
hydrochloric acid of a strength of 24. 'T per cent, two hours after lio had 
eaten heartily. Vomiting immediately followed. There was total cor- 
rosion of the epithelium of the mouth, pharynx, and esophagus. A hemor- 
rhagic gastritis was found, hut the intestine had not been reached by the 
acid in sufficient strength to cause destructive changes. However, the re- 
action of the contents of the alimentary canal throughout was acid, and 
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emulsions of the liver, lungs, heart, and spleen were also acid. The same 
authority reports a case of death caused hy taking 2.5 c. c. of hydrochloric 
acid mixed with 100 c. c. of syrup. After death about 300 c. c. of a 
strongly acid fluid was found in the stomach, and from this 130.5 mg. of 
hydrochloric acid was obtained. 

Lehmann (-13) found that an atmosphere containing one part or more 
per thousand of the vapor of hydrochloric acid causes in animals a flow 
of tears, conjunctivitis, and cloudy swelling in the cornea. The duration 
of exposure necessary to induce these effects varies with the ability of the 
animal to protect the eye by closure of the lids. The tears were found to 
be milky, and microscopic examination revealed the presence of fat glob- 
ules, believed to come from the meibomian glands. The mucous membrane 
of the nose is inflamed, and some days after exposure a purulent nasal 
catarrh may set in and lead to dry necrosis, or a moist gangrene involving 
the septum and the alse, and causing extensive destruction. This effect is 
supposed to he due to the local action of the gas on the blood supply to the 
parts. The salivary glands are greatly stimulated in some animals. 
When death occurred during the experiment or the animals were killed 
soon after exposure, the trachea was found to he pale and to show only a 
few ecchymoses. The bronchial tubes contained a thin frothy secretion. 
There was uniformly an emphysematous condition, and pneumonic 
changes were observed in animals that survived the exposure twenty-four 
hours or longer. In all the guinea pigs exposed to an atmosphere con- 
taining one part per thousand of the gas hemorrhagic spots were found in 
the mucosa of the stomach. 


Chlorin and Bromin 

According to Bohm, there had been, np to 1880, eleven cases of acute 
fatal poisoning with chlorin gas. Euleuherg states that the alveoli of the 
lungs are sometimes torn in coughing when chlorin gas has been inhaled, 
and fatal hemorrhage may result in this way. The severe coughing may 
also lead to rupture of some cerebral blood vessel and death from apo- 
plexy. In other instances asphyxia comes on, and the individual falls into 
unconsciousness, and death follows. The researches of Lehmann (44) 
have shown that chlorin and bromin are qualitatively and quantitatively 
alike in their effects upon tlio animal organism, while they differ widely 
from the vapor of hydrochloric acid. The effects upon the eyes and the 
mucous membrane of the nose and mouth are much less marked than with 
the acid, and necrosis of the septum and also of the nose did not occur in 
any' of Lehmann’s experiments. The effects of these gases are most evi- 
dent in the lungs, even when the atmosphere contained only 0.01 to 1,000 
of either of these gases, and after an exposure of six and one half hours 
there developed, after twenty-four hours, a mucopurulent bronchitis with 
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pneumonic foci and margin nl emphysema. Edema of tlic lungs was much 
11101*0 constant and pronounced than in either poisoning with ammonia or 
hydrochloric acid vapor. 'When the percentage of the gas was increased 
a typical croupous membrane developed, and in some instances was con- 
tinuous from the larynx to the finest bronchi. When the amount of gas 
reached 0.3 to 1,000 and the exposure was continued for one hour or 
longer this membrane invariably appeared. Marked dyspnea and pro- 
found stupor were frequent symptoms. 

Hydrogen Sulphid 

Symptoms. — The frequency with which man is exposed to the action 
of this gas, which is one of the products of certain putrefactive bacteria, 
renders a study of its poisonous effect* of great, interest. Hydrogen sul- 
phide when given off from decomposing mailer, is generally mixed with 
other gaseous products of putrefaction, such as carbonic acid gas, (JO, and 
HIT.j, and the effects may be exceedingly variable, according to the rela- 
tive amount of each of these present. Furthermore, an atmosphere largely 
contaminated with these gases is relatively poor in oxygen, and this de- 
ficiency has its own ill effects. Accidental poisoning with pur© hydrogen 
sulphid gas occasionally occurs in laboratories. 

The injurious effects of hydrogen sulphid are undoubtedly not suffi- 
ciently appreciated by those who have neither tested its action nor ac- 
quainted themselves with tin* literature of tin* subject. The writer has 
repeatedly observed its effects in sterilized bacterial cultures, when its 
presence was hardly perceptible to the sense of smell, and when silver or 
lead paper placed over the test tube blackened very slowly; and yet such 
cultures have frequently been found to contain enough hydrogen sulphid to 
kill animals when injected in quantifies of a few cubic centimeters into 
the abdominal cavity. It has been found that a very filthy water may 
yield simply on agitation "140 limes its volume of hydrogen sulphid gas, 
and on being liented it may part with -Hi additional volumes. It has been 
estimated that tile amount, of hydrogen sulphid that may he obtained from 
1 cm. of water holding the above mentioned Amount, would he sufficient to 
render 28 cm. of air fatally poisonous to man. Dupuytrin and Thenard 
found that an air which contained O.tlff to 1,000 of this gas is poisonous to 
birds; one with 1.2a to 1,000, poisonous to dogs, and one with 4 to 1,000 is 
poisonous 1o horses. Iiiefel and Polek found that a rabbit died after 75 
minutes' exposure 1 to an atmosphere containing 0.59 1o 1,000 of hydrogen 
sulphid gas, and that another rabbit died after an exposure of two hours 
to an atmosphere containing only 0.37 to 1,000. 

Lehmann has made most valuable experiments upon the poisonous 
effects of this gas. He employed a Peltenkoffer-Yoit respiration appar- 
atus. All the animals used showed signs of local irritation after pro- 
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longed exposure to air containing only 0.13 to 3,000. A narcotic effect 
was shown by tlie position taken by the animals. Paralysis gradually de- 
veloped and death resulted from failure of respiration. In cats death 
was preceded by a restless sopor. When the amount of gas in the air was 
increased to 0.72 to 1,000 the animals suffered greatly from dyspnea, while 
some were thrown into convulsions in which opisthotonos was marked. 
In all of these cases death was not due to paralysis of the nerve center 
solely, but in part to simultaneous changes in the lungs. At first respira- 
tion became slow ; then, with increasing dyspnea, it grew in rapidity. 
Section showed edema of the lungs in all animals which had been exposed 
to the action of the gas for some hours. The lungs were voluminous, dif- 
fusely dark red, and showed punctiform blood extravasations. The fluid 
of the edematous lungs was very abundant, stained with blood, and even 
ran from the mouth after death. Marginal emphysema was seldom absent, 
and in some instances was highly marked. Pleuritic effusions were fre- 
quently observed. When animals or men are exposed to an atmosphere 
containing a large amount of hydrogen sulphid death may he instantane- 
ous. In these cases no constant lesions are found. The blood is generally 
fluid and dark in color. 

Treatment. — The treatment for poisoning with hydrogen sulphid con- 
sists in removal to good air, and the persistent employment of artificial 
respiration. Hydrogen sulphid, when present in harmful quantities, is 
usually recognizable by its distinctive odor. Chemically it may be de- 
tected by its blackening silver coin or lead paper. 

Carbon Monoxid 

Symptoms. — Carbon monoxid is the most poisonous constituent of il- 
luminating gas. It has caused many deaths, and probably is responsible 
for many which have been attributed to other causes. It is largely em- 
ployed for suicidal purposes, and cases of accidental poisoning with it are 
by no means rare. Illuminating gas made from coal contains from 5 to 
10 per cent, of carbon monoxid, while that made from wood may contain as 
much as 60 per cent. Water gas, now so largely nsed for illuminating pur- 
poses, contains about 30 per cent. There has been some difference of state- 
ment concerning the amount of this gas necessary to render harmful the 
inhalation of air containing it. The most exact experiments place the 
amount at about 0.02 per cent. The deadly effects of carbon monoxid are 
due to the readiness with which this gas combines with hemoglobin, and 
to the stability of the compound thus formed. The affinity of carbon 
monoxid for hemoglobin is about two hundred times greater than that of 
oxygen. It will be seen from this that when the inhaled air contains only 
traces of carbon monoxid it is retained and may accumulate in the blood. 
It should be plainly understood, however, that even in fatal poisoning with 
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tliis gas the greater part, of the hemoglobin in llio body remains in com- 
bination ■with oxygen. The writer saw some few years ago a report of a 
case of poisoning with carbon monoxid in which the statement was made 
that there was no oxyhemoglobin left in the blood, and yet this was not a 
fatal case, and, according to the author of the paper, the patient continued 
to live np to the time of the report, some months after exposure to the gas, 
without any oxyhemoglobin in his body. It is needless to say that such a 
statement as this is absurd. Death results -when the respiratory capacity 
of the blood is reduced from 20 to :>() per cent., and saturation of the 
hemoglobin of the blood with carbon monoxid during life is impossible. 

With proper treatment, persons poisoned with this gas, even to the 
extent of complete insensibility, may recover. Tn such cases recovery is 
due to the slow dissociation of the hemoglobin compound. The corpuscles, 
the hemoglobin of which is combined with carbon monoxid, retain their 
normal form, and are not immediately disintegrated, hut are destroyed 
more quickly in the liver Ilian arc* those corpuscles the hemoglobin of 
which, is in the normal condition. From liis experiments Dresser con- 
cludes that a fatal quantity of carbon monoxid for a man weighing seventy 
kilos is about O.tt gram. The whole of the gas inhaled is not held by the 
hemoglobin. Some of it. is dissolved in the blood plasma, and some of it 
penetrates the tissues and, according to Folding, may pass from the mother 
to the fetus. 

Inasmuch as carbon monoxid hemoglobin gives off no oxygon to the tis- 
sues, the symptoms are practically those of asphyxiation. Blood contain- 
ing this gas is of a cherry red color, and this peculiar characteristic tint 
may in many instances he observed several days after death. The spec- 
trum of carbon monoxid hemoglobin exhibits two dark hands between the 
links D and K, and is similar to Iho spectra of oxyhemoglobin and hemo- 
globin. However, these art* not, identical, and with all of them in view 
can he easily distinguished one from the others. The oxyhemoglobin, spec- 
trum lies furthest to the left; that of hemoglobin farthest to the right, 
extending slightly beyond E; while that, of carbon monoxid lies between. 
Furthermore, the lines of the carbon monoxid com pound are not so widely 
separated as those of the oxyhemoglobin spectrum. .Moreover, the addition 
of a reducing agent to normal blood speedily alters its spectrum, while 
this does not happen when one-fourth or more of the coloring matter is 
combined with carbon monoxid. 

Besides its indirect, effect on the tissues by interrupting the oxygen- 
carrying power of the blood, carbon monoxid is a direct poison and capable 
of inducing marked destructive changes. Primarily the heart beats 
slowly and violently, and rupture of the blood vessels may occur during 
tliis stage*. Secondarily, tin* heart heats rapidly and feebly. The latter is 
the period of vasomotor paralysis, mid as a result of this condition bright 
red areas appear on llic surface. When not seen until after death these 
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are usually mistaken for post-mortem effusions. However, tliev may occur 
in those who ultimately recover. Among the first symptoms are occasion- 
ally observed abnormal motility and violent convulsions. Later there 
may be extensive paralysis. In about 70 per cent, of the eases of poisoning 
with this gas the urine contains a reducing substance, which, in some in- 
stances, has been found to be sugar, while, in others, it has been reported 
as glycuronic acid. A test for reducing bodies in the urine may serve as 
an aid to diagnosis in doubtful cases, and it might be remarked that al- 
bumin is present in about 20 per cent., and that lactic acid appears in the 
urine in cases of severe poisoning. 

In acute poisoning with carbon monoxid the color of the blood is sup- 
posed to be pathognomonic. The skin is stained over limited areas, and 
the soft tissues, such as the muscles and viscera, are rose red. Kobert 
makes the statement that the carbon monoxid hemoglobin has been de- 
tected in the body 18 months after death. The blood corpuscles retain 
their form some time after death, and the arteries are generally full. 
Ecehymoses in the meninges and capillary hemorrhages in the brain have 
been found. Pneumonic changes in the lungs are frequently observed, and 
fatty alterations in the kidney, liver, and heart have been reported. Ziem- 
sen found a diphtheritic-like exudate on the gums, in the trachea, colon, 
and rectum. Gangrene of the muscles of the neck has been reported, and 
deep bedsores have been known to form in a very short time. 

In chronic poisoning with carbon monoxid numerous and extensive 
extravasations may occur. Marked anemia is frequently observed, and 
is due in part to the rapid destruction of carbon-monoxid-bearing cor- 
puscles in the liver, and in part to the nephritis that comes from the elim- 
ination of the decomposing products. In dogs chronically poisoned with 
this gas the epithelium of the convoluted tubules undergoes necrotic 
changes, and may be stripped off altogether. The enormous increase in 
nitrogenous metabolism with muscular degeneration is surpassed only by 
phosphorus poisoning. 


Hydrocyanic Acid 

Properties. — Pure hydrocyanic acid is a colorless, volatile liquid, 
known only in the laboratory. It is usually made by distilling one of the 
salts with some dilute mineral acid, such as hydrochloric or sulphuric. 
The pharmacopeial preparation is a two per cent, solution, but on account 
of the instability and volatility of the acid the preparation that generally 
stands under this label in the drug store is inert, and probably this is for- 
tunate since the poisonous action is so prompt and the therapeutic effect so 
doubtful that it should not be prescribed at all. The aqueous solution 
when exposed to the light soon decomposes with the formation of a brown- 
ish residue of unknown composition. The tendency to decomposition is 
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retarded by the presence of traces of mineral acid, and dilute sulphuric 
acid is sometimes added for this purpose. There is a preparation known 
as ScbeeJe’s acid that is supposed to contain as much as five per cent., but 
often falls short of that amount. This solution may be preserved, or at 
least its decomposition may he retarded, by using a 20 per cent, glycerin 
solution instead of water as a solvent. Wormley (75) examined several 
specimens of commercial hydrocyanic acid and found none more than 1.5 
per cent., and in one which had not been opened since leaving the mam 
ufacturer lie found none. 

Of the inorganic compounds of hydrocyanic acid the cyanids of potas- 
sium, mercury, silver, and gold are the ones best known and most gener- 
ally employed. The first mentioned has been largely employed as an in- 
secticide, and the others in plating metal. All are poisons, and most 
accidents due to this poison result from the use of this salt rather than 
from the free acid. The hydrocyanic group is a constituent of many or- 
ganic bodies found in both the vegetable and tlie animal world, 'It is con- 
tained in numerous glucosids, some of which carry a ferment by which, 
under favorable conditions, the poisonous body is set free. The best 
known example of this is the amygdalin of the bitter almond, the de- 
composition of which loads to the production of free hydrocyanic acid. 
The ferment that induces this read ion is known as cmulsin, and the 
amygdalin is broken up into glucose, hydrocyanic acid, and the oil of bit- 
ter almond. The oil, or bcnzaldehvd, is, when freed from the hydro- 
cyanic acid, used as perfume. Instances of poisoning with benzaldehyd 
have been reported, hut it is probable that all such are due to traces of 
hydrocyanic acid that have not been removed. The seeds of many fruits 
contain amygdalin, some with and some, without cmulsin. If the ferment 
is not present, as is the case in sweet almonds, there is no possibility of the 
poison being set free. The water of bitter almonds, much used as a flavor 
and vehicle, often contains as much as 0.1 per cent, of hydrocyanic acid. 
Some liqueurs, as kirseliwasser, maraschino, and persiko, contain small 
amounts of this poison along with other harmful substances. 

The hydrocyanic acid nucleus is found in certain constituents of the 
animal body, and adenin, one of the purin bodies, seems to he a polymer of 
this substance. When adenin is injected subcutaneously in animals it has 
quite marked poisonous effects, and it is possible that it may he one of the 
autogenous poisons, about, which much is said, lmt liltle known. 

Action. — When a fatal dose of hydrocyanic acid is swallowed the dura- 
tion of life is measured as a rule in minutes. The statement is often 
made that it kills instantly, hut this term is relative and possibly an ex- 
aggeration; but it is nevertheless true that there is no poison more prompt 
in its action than this. On account of the deterioration of the officinal 
preparation hydrocyanic acid has acquired tlie reputation of being uncer- 
tain in its effpets, hut when the preparation is of proper strength its effects 
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are prompt in time and decisive in result. Wormly lias collected a num- 
ber of instances of poisoning "with hydrocyanic acid. In the case reported 
by Hall (26) a suicide took one hundred drops of the pharmacopeial prep- 
aration. Hall found him within five minutes lying in a state of complete 
relaxation on the fioor; his eyes were fixed, the pupils being normal, the 
pulse was 50, and becoming slower and feebler each minute ; the respira- 
tion gradually became slower, with, toward the last, intervals of one min- 
ute, and death occurred within twenty minutes after taking the poison. 
In a case reported by Sewall (66) a man took seven drachms of Scheele’s 
acid, the equivalent of twenty-one grains of the poison, then unlocked his 
door, called for help, stretched himself on his sofa, and was found dying, 
with stertorous breathing, in a few minutes. In the case reported by Hick- 
man (28) a man swallowed by mistake an ounce and one half of the dilute 
acid, ran upstairs to call a doctor, returned to his pharmacy, and was given 
some ammonia and tincture of iron, but died within ten minutes after 
calling for help. In another of the cases collected by Wormly it is said 
that a Erench physician swallowed a teaspoonful of the medicinal acid, 
and fell dead as if struck by lightning. In a case reported by Arnold (2) 
a druggist had put chlorate of potash in a bottle containing hydrocyanic 
acid. The chlorate was prescribed for a child that died in convulsions im- 
mediately after swallowing the first teaspoon ful of the solution. The at- 
tending physician then swallowed some, and barely escaped death, and 
the druggist, to prove that he had made no mistake, took the remainder of 
the prescription, and fell dead within a few minutes. The inhalation of 
the vapor that arises in decomposing a cyanid with mineral acid may 
cause speedy death. Such a case has been reported by Post (59). Within 
recent years the commercial uses of potassium cyanid have greatly multi- 
plied, and accidental cases of poisoning have increased. The most ex- 
tensive commercial use of the cyanid is the extraction of gold, and it is 
due to the discovery of this method of extracting the precious metal that 
the output of gold has become so great. Ores formerly regarded as worth- 
less are now worked at profit. When the cyanid process was first em- 
ployed the amount of the solvent used was much greater than subsequent 
experience has shown to be either necessary or desirable, and the danger 
of poisoning was greater. Auriferous ore is now extracted with a five- 
tenths solution of potassium cyanid which dissolves the gold. The solu- 
tion is then passed over zinc shavings or some other finely divided metal, 
on which the gold is deposited. Nolan (52) reports a case of poisoning in 
a man who was employed in scrubbing the gold from zinc. Nolan's treat- 
ment of this case is of special interest. The hands and arms were im- 
mersed in very dilute sulphuric acid for several minutes at a time for 
several hours. Nolan states that the dilute sulphuric sets free hydro- 
cyanic acid, which evaporates, while the heat facilitates the absorption and 
elimination of the sulphate of potassium which is formed. The vapor 



744 


TOXICOLOGY 


formed by heating potassium eyanid is now used to some extent in disin- 
fecting rooms. This, however, is a process which must be carried out with 
great care. 

Silver and silver-plated articles are cleaned and brightened by immers- 
ing tlieiu in a solution of potassium eyanid, and then wiping them dry. 
Collins and Unit land (11) have reported a most interesting case of eyanid 
poisoning, with the clinical picture of poliomyelitis. The patient, an 
Italian of 3S years, was employed in cleaning the silver in a hotel. The 
strength of the solution used could not he ascertained, hut. the man stated 
that his hands and forearms were in the solution much of the time; that 
the skin became brownish and itched distressingly; that, his nails became 
quite black, and that when he brought, his hand near his mouth or nose he 
grew dizzy. Finally he was seized with severe diarrhea, his stools con- 
taining much mucus hut no blood. Then he was mildly delirious for a 
few days; both ankles became stiff and there was severe pain in the legs. 
Both legs and arms grew weak, and he was unable to walk ; there was reten- 
tion of urine, and catheterization had to ho employed. Eight weeks later 
the mail was found hod-ridden, and unable to move the lower extremities, 
and the upper only slightly. Muscular atrophy was the most conspicuous 
objective symptom. For more than six months there was no indication 
of improvement, but slowly and imperfectly function returned, and the 
muscles begun to fill out. The authors state the important features of this 
ease us follows: (1) “The rapidity with which the symptoms came on 
and their intensity. In character they were of an overwhelming intoxi- 
cation or infection; (2) the occurrence of spinal cord symptoms; (3) dis- 
tribution of the atrophy and partial recovery.” 

The prompt, and deadly action of hydrocyanic acid has led to repeated 
studies. Claude Bernard called attention to the fact that, in animals pois- 
oned with this agent the venous blood has the bright color of arterial, sug- 
gesting that the oxygen is not. given off to the tissues. Since a like phe- 
nomenon is seen in carbon mouoxid poisoning, and has been found to be 
due to the formation of a compound with this gas and hemoglobin, Iloppe- 
Seyler suggested that there might he a cyanhomoglobin compound, and 
proceeded to prepare such a body by the addition of hydrocyanic acid to 
blood in vitro . This apparently nettled the question, but Hiller and Web- 
ber demonstrated that there is no cyanhemoglohin compound formed in the 
bodies of animals poisoned with hydrocyanic acid. In this way the ob- 
servation of Bernard was left without satisfactory explanation until the 
classical research of Oeppert (22). In the first place, Gepport made a 
ea refill study of the symptoms. In doing this ho used a 1 per cent, solu- 
tion of hydrocyanic acid, or its equivalent of 2.5 per cent, of potassium 
eyanid. From 0.1 to 0.2 e. e, of this solution injected into the jugular 
vein of a rabbit of 1,500 g. causes marked dyspnea; 0.3 c. c. leads to 
marked tremor, and 0.4 c. c. is followed by severe convulsions and arrest 
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of respiration. In order to study tlie symptoms satisfactorily Gej)pert 
found it necessary to give small doses subcutaneously, usually 1 c. c. per 
kilo of animal. Sometimes tliis was given in a single dose, and in other 
instances in broken doses. The first noticeable effect is an increase in the 
depth and volume of respiration; the intake may become two or three 
times the normal ; then there are in dogs and cats vomiting and defecation ; 
the movements of the animal become uncertain ; it walks in a curve anil 
one leg gets in the way of another ; the dyspnea becomes more marked ; the 
animal becomes less restless ; it lies on the belly or sits ; saliva pours from 
the mouth ; up to this time the reflexes are undisturbed ; the dog responds 
at least by look to call. This condition may continue for fifteen minutes, 
though seldom so long; then there are signs of the approaching nervous 
storm. The muscles of the face begin to twitch ; in rabbits the aural ves- 
sels become bright red ; a tremor flits over the whole body ; then the head 
is thrown back on the neck and the whole body is involved in the clonic 
convulsions that follow one another in increasing intensity. In the inter- 
vals the animal lies limp and exhausted on its side, and with extended 
extremities ; one may lift a foot, and when let go it drops like something 
dead; there is no response to call; there is no sign of life save the deep 
inspirations that come after prolonged intervals; the temperature falls 
several degrees; in cases terminating in recovery the respirations occur 
after less prolonged intervals, and slowly, with frequent interruptions, 
voluntary movements are resumed. Geppert divides the symptoms into 
the following stages: 

(1) The preconvulsive, in which there are dyspnea, vomiting, defeca- 
tion, incoordination, and slight fall in temperature. 

(2) The convulsive, in which convulsions follow one another with 
great dyspnea, and a continued and gradual fall in temperature. 

(3) The paralytic, in which the general and respiratory muscles are 
markedly involved, the reflexes are wanting, and there is the most pro- 
nounced fall in temperature. 

(4) Return to normal. The respirations grow gradually more fre- 
quent; the temperature at first continues to fall and then begins to rise, 
and voluntary movements are slowly established. 

When the vapor of hydrocyanic acid is inhaled the first stage is not 
observed, and the animal is stricken with convulsions at once. When a 
large amount of the poison is injected directly into the blood both first and 
second stages are not seen, and paralysis is immediate. It is interesting 
to note that in slight poisoning a return to the normal may be complete in 
from ten to twenty minutes, and that repeated injections of the same doses 
may be made at short intervals without marked effect. Apparently some 
immunity is secured. 

Geppert has shown that in poisoning with hydrocyanic acid the oxygen 
absorbed by the tissues from the blood and the carbonic acid given off from 
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the tissues to the blood are both decreased. All life processes appear to be 
arrested by this poison, and it lias been inferred that it owes its deadly 
action to its effect upon enzymes, but this is a mere assumption and noth- 
ing more. It is probably true that hydrocyanic acid does destroy ferments 
— possibly all ferments — but its deadly effect is due to a deeper and more 
far reaching action. It arrests chemical processes, as was shown by 
hlillon, who found that formic acid fails to reduce iodic acid in the pres- 
ence of hydrocyanic. This is quite parallel with the effect of hydrocyanic 
acid on the animal. The tissue is represented l>y formic acid, the oxy- 
hemoglobin by iodic acid, and in the presence of hydrocyanic there is no 
reaction between the tissue needing oxygen and that carrying an excess of 
this element. Hydrocyanic acid owes its poisonous effects to the capabil- 
ity tliat it 1ms of arresting the action of the living molecule. It arrests 
metabolism and consequently it is a poison to all forms of life, both the 
lowest and the highest. 

In a recent research on the in Hu once of cyanid on metabolism Richards 
and Wallace (01 ) show that nitrogen elimination is increased in this form 
of poisoning, and that cell dyspnea of fairly groat intensity does not pre- 
vent urea formation. 

Diagnosis. — Since poisoning with hydrocyanic acid is in the great ma- 
jority of instances either accidental or suicidal, there is no difficulty in 
diagnosis. Moreover, the odor is easily recognizable, and qnite character- 
istic, though it may ho modified and marked by that of alcohol. The symp- 
toms are quite similar to those due to nitrobenzene, but with the latter the 
effects are manifested much later. 

Fatal Dose. — The exact dose of hydrocyanic acid taken in any given 
case is seldom known. The aqueous solutions are uncertain on account of 
the volatility of the* acid, and the cyanid of potash often contains much 
carbonate. According to Garstang (20), an adult died after taking one 
half drum of the 2 per cent, acid, which is equivalent to 0.G grain. In 
another instance death resulted within twenty minutes from 0.!) grain. It 
is safe to say that one grain of the acid or its equivalent in the form of 
potassium cyanid may cause death, and that one half this amount might 
induce serious and possibly fatal effects, Recovery from large doses has 
been reported, but this is probably due to preparations that have lost their 
strength. 

Fatal Period. — In ease the acid is free death usually occurs within a 
few minutes, generally within half an hour. If life is prolonged more 
than an hour recovery is likely. With the cyanid the time may be equally 
short, or it may be milch longer, possibly some hours. In the prolonged 
cases it is probable that much of the cyanid has been converted into the 
carbonate. 

Treatment. — In fatal cases, as a rule, death is so prompt that there is 
no time for treatment. The stomach should be washed out, and it has 
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been recommended that hydrogen peroxid or potassium permanganate he 
added to the water, with the view of converting the acid into the oxamid, 
but no time should be lost in searching for these additions because their 
effects are not so prompt as that of the poison on the tissue. Cobaltous 
nitrate is an antidote, but in excess would prove poisonous. It is not likely 
to he at hand, and is a dangerous thing to use if it were. It is claimed 
that by the administration of a mixture of ferrous sulphate and mag- 
nesium oxid the cyanid may be changed into the much less poisonous 
ferrocyanid. In the paralytic stage artificial respiration may be tried, but 
much cannot he expected from this procedure because the venous blood 
already contains an excess of oxygen. Death in hydrocyanic acid poison- 
ing is not due to the lack of oxygenation of the blood, but to the failure of 
the tissues to take oxygen from the blood. Lang (41) has found that 
subcutaneous injections of sodium thiosulphate are of value in experi- 
mental animals. 

Post-mortem Findings. — On opening the body of one dead from this 
poison the odor of hydrocyanic acid is generally quite evident, provided the 
obduction be made soon after death. The odor is said to be most persistent 
in the cranial cavity, but in time it is marked by the odors of putrefac- 
tion. The odor of nitrobenzene is similar, and is more lasting, that of 
hydrocyanic acid rapidly disappearing on exposure to the air. The skin 
as a rule shows no changes, except that dependent parts, especially the 
nails, may be bright red. This coloration is supposed to be chle to the for- 
mation of cyanmethemoglobin. The jaws are usually firmly set, and 
there is a froth in and about the mouth. The mucous membrane of the 
alimentary canal may be quite normal, though occasionally ecchymoses are 
observed. When potassium cyanid is used the appearances of the mucous 
membrane of the alimentary canal may be similar to those induced by 
strong alkali. This salt is alkaline and, besides, mucb of it may be 
changed into the carbonate. When the cyanid comes in contact with the 
acid of the stomach hydrocyanic acid is liberated. Erom the alkalinity 
of the preparation the mucous membrane may he swollen, brown, or 
brownish red. 

Eli m ination.- — In part, hydrocyanic acid is changed into sulphoeyanid 
in the body, and is eliminated in the urine in this form. However, we are 
quite ignorant of the disposition of the greater part of this poison when 
taken into the animal body. In vivo it apparently does not combine with 
hemoglobin. The poisonous effects of hydrocyanic acid on unicellular or- 
ganisms are worthy of careful study. 

The Caustic Alkalies 

Locally the caustic alkalies destroy tissue in much the same way as 
strong mineral acids. However, there is this difference, the eschar formed 
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by the acids is hard and dry, while that induced by the alkalies is soft and 
gelatinous. Scar formation and resulting contractions are similar after 
acids and alkalies. The penetration of the tissue is deep, and perforation 
of the walls of the alimentary canal may occur. Stricture of the esoph- 
agus is a frequent result of the local action of the caustic alkalies. The 
effect of the subcutaneous injection of strong alkalies is influenced to an 
important degree by the injured part remaining free from bacterial in- 
fection, or by its becoming infected. The writer saw an example of this a 
few years ago when a physician injected strong ammonia in different parts 
of the body in a case of morphin poisoning. Tlio necrosis of the muscular 
tissues was extensive around the point of each injection, but the blood 
vessels remained intact. On the other hand, when infection happens, the 
blood vessels may he closed by thrombi, and the nutrition of the part is 
impaired. The local action of strong alkalies upon nerves results in de- 
generative changes, which are histologically similar to those due to section 
of the nerve. 

The strong- alkalies, also their normal carbonates, are freely soluble 
in water. All arc highly poisonous, hut are seldom administered with 
criminal intent, most of the cases of poisoning with tlieso substances being 
the result of accident. 


Caustic Potash and Soda 

Symptoms. — Strong solutions of tlieso substances have an acrid taste, 
and instantly destroy soft tissues with which they arc brought in contact. 
When swallowed the mucous membrane of the month and pharynx be- 
comes white and swollen, and shows dissolved or necrosed patches. The 
mucosa of the stomach is macerated and corroded, exposing the reddened 
subjacent tissue. Immediately after swallowing there is a sense of con- 
striction in the fauces and burning in the stomach. Violent vomiting 
usually results immediately, and tlio vomited matter is frequently stained 
with' blood. There may be marked tenderness over tlie abdomen, severe 
purging with bloody stools, marked prostration, and in some instances 
convulsions. The mouth and throat and the upper part of the larynx are 
so inflamed and swollen that, breathing is difficult. The face expresses 
great anxiety, the pulse becomes rapid and scarcely perceptible, and the 
surface is bathed with cold perspiration. If death does not occur there 
may be, after a few days, sloughing of the pharynx, and frequently stric- 
ture of the esophagus results. In some instances death is due to obstruc- 
tion of the air passages. Although the carbonates of both potash and soda 
have a local caustic action, poisoning is practically limited to the first 
mentioned compound. This is due to the more markedly depressant 
action of potash, especially on the vasomotor center and the heart. 

Lesser (45) reports the following cases: A boy four years old died 
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titteen liours after lie had swallowed a considerable quantity of a Id per 
cent, solution of caustic soda. Bloody vomiting resulted immediately. 
Section made about 48 liours after death showed partial corrosion of the 
mouth and pharynx, and total destruction of the mucous membrane of the 
upper half of the esophagus. There were edema of the glottis, acute 
catarrh of the bronchi, and a pneumonic condition of the lungs. The 
stomach showed hemorrhagic spots, and there was a mild intestinal 
catarrh. In the second case a child two and a half years old died twenty 
hours after swallowing a small quantity of caustic soda of unknown con- 
centration. Vomiting immediately followed. Post-mortem examination 
showed practically the same condition as that mentioned in the former 
case. However, the content of the stomach in this instance was still acid. 

Treatment. — Lemon juice or vinegar may be administered, but these 
do not repair injured tissue. The stomach tube should not be used in 
poisoning with caustic alkalies for fear of rupture of the walls of the 
stomach or injury to the esophagus. 

Ammonia 

Symptoms. — This poison may be inhaled in the form of gas, or it may 
be taken into the stomach dissolved in water or in alcohol. In gaseous 
form it causes inflammation of the mucous membrane of the nose, mouth, 
pharynx, larynx, and bronchi. The conjunctiva may also be much in- 
flamed, and prolonged exposure may lead to ophthalmia. The inhalation 
of ammonia causes free salivation, and this may be accompanied by nausea 
and vomiting. In some instances a pseudodiphtheritic membrane forms 
in the larynx and causes great dyspnea. Lehmann found that animals 
compelled to breathe air containing from two to three parts per thousand 
of ammonia gas showed salivation, inflammation of the conjunctiva, dysp- 
nea, and convulsions, terminating in death. On section he found edema 
of the glottis, hemorrhage, and when death was delayed purulent bron- 
chitis. Microscopic examination showed some of the alveoli quite normal, 
others collapsed, and still others emphysematous. The lung tissue was in- 
filtrated with numerous leukocytes, and in the hemorrhagic foci unchanged 
red corpuscles were seldom seen, but leukocytes were abundant, and sur- 
rounded by pale red masses, and swollen epithelial cells. In animals that 
died during the experiment the most common and prominent lesions con- 
sisted of hemorrhagic tracheitis and laryngitis. The tracheal epithelium 
was extensively destroyed, and the cells stripped of their cilia. In the 
case of one animal that had survived an exposure of four and one half 
liours to a 5.5 per thousand atmosphere, but which died during a second 
experiment, Lehmann found purulent fibrinous pleuritis and pericarditis. 
He attributes the pleuropericarditis to the action of bacteria which had 
found their way into the blood through lesions caused by the gas. When 
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caustic ammonia is swallowed it inflames, and in patches destroys the 
mucous membrane of the mouth and pharynx. Usually vomiting immedi- 
ately sets in and the ejected matter is frequently bloody. Even when 
death is due to swallowing ammonia post-mortem examination frequently 
reveals an acute bronchial catarrh. Perforation of the stomach occasion- 
ally occurs, and hemorrhage into this organ is quite generally found. 


VEGETABLE POISONS 

Sthychnin 

Occurrence. — Strychnin is the most important alkaloid found in nux 
vomica, which is the seed of the plant Stryclnios Nux Vomica. This 
plant is native to the East Indies; its seeds are round, somewhat flat- 
tened; about an inch in diameter, slightly concave on one side and convex 
on the other, and nrn covered with grayish or yellowish hairs. Nux 
vomica is but little used at present in medicine, being supplanted by 
the more elegant preparations of its alkaloids, strychnin and brucin. 
These alkaloids exist in the seeds, combined with lactic and igasuric 
acids, strychnin being in the proportion of from 0.5 to 1.5 per cent. The 
only preparation of nux vomica which is now largely used in medicine is 
the tincture. This is of variable strength, depending upon the nlkaloidal 
content, of the seeds from which it is prepared. Strychnin is sold in the 
form of the alkaloid, and also combined with certain acids, the sulphate 
being the preparation most largely employed. The alkaloid forms a white 
crystalline powder — the form of the crystals varying from prisms to 
oe.taliedra. It is only slightly soluble in water, requiring something more 
than eight thousand parts of this solvent, at ordinary temperature. It is 
more readily soluble in alcohol and alcoholic solutions ; in fact, the degree 
of its solubility in alcoholic preparations is largely dependent upon the 
amount of alcohol present. It is only slightly soluble in ether, but readily 
so in chloroform. Strychnin and its salts are intensely hitter, this prop- 
erty being readily detectable when one part, of the alkaloid is dissolved in 
seventy thousand parts of water. However, Ilaines has pointed out the 
very important fact that the bitterness of strychnin varies greatly with 
different people. He has met with at least, four persons who were unable 
to recognize the bitterness of this substance, and when some of it was 
placed on the tongue they slated that it had a rough or musty taste. 
Haines suggests that the use of tobacco and the existence of catarrh are 
important factors influencing the readiness with which the bitter taste of 
strychnin is recognized by individuals. ITo suggests that this is a matter 
of importance, inasmuch as it might be claimed by the defense in cases 
of suspected strychnin poisoning that the deceased did not complain of the 
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oitterness of the preparation which he took. The same authority points 
out the fact that the bitterness of strychnin and its salts may be largely 
masked by the presence of other substances, such as tannic acid, licorice, 
and chocolate. Ignorance of the relative solubility of the alkaloid played 
an important part in a case in which the writer was once interested. A 
certain man, whose reputation was not good, insisted on sending for an 
irregular physician for his wife, who was complaining of some slight ail- 
ment. After the irresponsible physician had prescribed the wife suffered 
from symptoms the desorption of which left but little doubt that they 
were due to strychnin. She then, on her own responsibility, sent for a 
reputable physician. This man came and, suspecting that the husband was 
attempting to kill his wife by the administration of strychnin, gave her 
a dose of medicine from his case and prepared a glass of medicine, leav- 
ing instructions that under no circumstances was a dose of it to be ad- 
ministered until a certain hour. Before the time for taking the medicine 
from the glass had arrived the doctor returned, noticed a crystalline de- 
posit in the bottom of the glass, sent the husband from the room on some 
excuse, transferred the contents of the glass to a bottle, and refilled the 
glass with water. The suspicious crystals were sent to the writer for ex- 
amination, and proved to he the alkaloid strychnin. On returning the 
second time to the house the doctor found again a crystalline deposit in 
the glass. This was also found to consist of crystals of the alkaloid. By 
this time the examination had been made, the husband was placed under 
arrest, a package of strychnin was found in his possession, he was tried, 
convicted, and sent to prison for life, while his wife escaped the death 
which he had desired to inflict. 

Poisonous Action. — The symptoms induced by nux vomica and its al- 
kaloids, strychnin and brucin, are fairly constant and characteristic. The 
rapidity -with which they appear depends upon the form in which the 
poisons are taken and the condition of the alimentary canal at the time. 
The salts of the alkaloids are the most soluble preparations, and therefore 
symptoms appear more quickly after taking these than after the adminis- 
tration of the alkaloids themselves. Moreover, when taken upon an empty 
stomach absorption takes place rapidly, and the symptoms appear cor- 
respondingly early. Generally there is a sensation of numbness beginning 
in the extremities and passing over the entire body and terminating in a 
feeling of constriction about the throat and chest, and the muscles of the 
extremities begin to twitch. These movements grow more and more 
marked; the limbs are extended and perfectly rigid. Finally the whole 
body is thrown into a violent tetanic convulsion in which every muscle 
seems to participate. However, the spasm apparently begins in the ex- 
tremities, rapidly extends over the trunk, and finally involves the face and 
jaws. Every extensor muscle in the body seems to be tetauized to the ut- 
most, and even the toes and fingers may be extended ; the head is thrown 
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back, and in extreme cases the entire body may be bent like a bow until 
only the heels and the back of the head touch the bed. This paroxysm 
varies in duration from a few seconds to as many minutes, and then 
gradually subsides, after which there is a respite, which varies in duration, 
and this is followed by another convulsion. These gradually increase in 
frequency and intensity. The respiratory muscles become so rigid that 
breathing is difficult; Ihe pulse becomes weak and irregular; the coun- 
tenance takes on a ghastly expression. The eyes are staring, the pupils 
are dilated, and often there is frothing at the month. As a rule the in- 
tellect remains unclouded, ami the victim apparently realizes the gravity 
of his situation, and horror is depicted in every expression. During the 
intermissions the body may become greatly relaxed, and the individual 
presents the. appearance of one who has greatly overtaxed himself by mus- 
cular exertion. Cold perspiration bathes the body, and the sleep of ex- 
haustion may give temporary rest. In severe cases two or three, or at 
most five or six, of these paroxysms are sufficient, to induce death. There 
is prohahlv no other poison which gives such characteristic, easily recog- 
nizable symptoms as those induced by this alkaloid. Occasionally there are 
nausea and vomiting, and a certain amount of relief may be obtained in 
this way. The symptoms may be more or less masked by the simul- 
taneous action of .some other poison, such as morphin. 

Poisonous Doses. — A quarter of a grain of the sulphate of strychnin 
has been known to cause death, and many authorities place the minimum 
fatal dose at of a grain. In one well known instance, whore a 

physician took by mistake l /> of a grain of the sulphate, death occurred in 
18 minutes. Oases are. given in which violent, convulsions and threatened 
death have resulted from the administration of only l-12tli of a grain. 
However, this would not he likely to occur except in case of a very deli- 
cate person. The young are often found to be highly susceptible to this 
poison, and the writer has known slight, manifestations, such as muscular 
twitchinga of the extremities, to follow the administration of 3-30th of a 
grain in a nervous hoy 3 0 years of age. A certain degree of tolerance to 
this drug may be established, and by beginning with small quantities the 
dose may in some instances be increased to l-12th or even 1-Gth of a grain. 
However, there is no evidence that, very large doses, as in the case of 
morphin or arsenic, would Ik* tolerated under any circumstances. In some 
there is manifested some evidence of cumulative action. Medicinal doses 
administered continuously for a time bring on slight, symptoms of poison- 
ing. Hypodermically 1-3 2th of a grain may in an adult cause marked 
symptoms. It should he stated that, the fatal dose of strychnin as given 
hv some authors is much larger than that stated above, some placing it as 
high as 2, and even 3, grains. 

Time. — As is true of all other poisons, the time elapsing between ad- 
ministration and the appearance of the first symptoms, and that between 
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the administration and death, is very variable. In the majority of in- 
stances, however, the action of strychnin is rapid, and death usually occurs 
within from two to four hours, and if the last mentioned period be sur- 
vived the chance of recovery, under proper treatment, is good. However, 
cases have been reported in which death did not occur until the 18th hour. 
In some of these delayed cases it is more probable that the onconie of 
death has been retarded by the treatment which lias been resorted to. 

Diagnosis. — As lias already been stated, the symptoms of poisoning with 
strychnin are quite characteristic, and usually there is hut little difficulty, 
on the part of the medical man at least, in recognizing them. The only 
disease the symptoms of which could he confounded with those, of strych- 
nin poisoning is tetanus; hut even in this disease the differences from 
strychnin poisoning are sufficiently well marked to leave no room for 
doubt. In the first place, in the majority of cases of tetanus there is a 
history of injury, and the disease has come on gradually and progressed 
through a number of days, the convulsions growing constantly more fre- 
quent and more severe. Moreover, in strychnin poisoning, with each 
paroxysm the muscles of the extremities are first involved, and the ex- 
tension of the tetanic spasm can be clearly seen as it passes nj^ward over 
the limbs, reaches and involves the trunk, and last of all affects the muscles 
of the face, while, on the other hand, in tetanus the spasm usually begins 
in the muscles of the trunk or in the neck, and the muscles of the jaw are 
involved at an early stage. In tetanus there is usually some elevation of 
temperature, but this may also occur in strychnin poisoning, especially 
when the temperature is taken while the body is rigid. In dogs poisoned 
with strychnin the temperature of the rigid body may reach 107° E. We 
know of no recorded instance in which a medical man has been left in 
uncertainty as to bis diagnosis between these affections, after seeing a 
single spasm, and the chances of confounding the two become infinitesimal 
when we are made familiar with the history of the case. 

Treatment.- — If the poison has been taken by the mouth, and this is 
usually the case, the stomach tube should he used at once. Unfortunately 
attempts to use the tube will often cause spasm. When this is the case 
the individual should be immediately thoroughly narcotized with chloro- 
form, and then the stomach should he thoroughly washed. Dilute solu- 
tions of tannic acid may be used in the last washings, in order to precipi- 
tate, or at least render less soluble, any traces of the poison that may be 
left in the stomach. However, chemical antidotes should not be relied 
upon to the extent of doing away with the use of the stomach tube. After 
the stomach has been thoroughly cleansed the individual should he kept 
for hours, if necessary, fairly well under the influence of either ether or 
chloroform, or these may he used alternately. There is of course danger 
in the prolonged administration of chloroform, hut the anesthetic may be 
pushed with the first evidence of returning spasm, and relaxed as the 
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spasm passes off. Absolute quiet is desirable. Xo one should be allowed 
in the room whose presence is not absolutely necessary. There should be 
no noise, and every draft of air likely to strike the patient should be shut 
off. Absolute quiet, conduces to recovery. The administration of oxygen 
during the paroxysms has been recommended, but there is no recorded 
evidence that it has proved of value. Some advise the administration of 
chloral by the rectum. However, as compared with chloroform inhalation, 
the action of chloral thus administered is too slow and too uncertain to be 
depended upon in a case of poisoning with strychnin. The attending 
physician must realize that his treatment must be prompt and energetic, 
but quietly administered, if it is to be effective. In a case recently treated 
in the Hospital of the University of [Michigan by Hr. Hewlett the patient 
received by mistake, at S.30 a. m., 15 grains of strychnin sulphate. About 
one half hour later he began to have convulsions, the stomach was im- 
mediately and thoroughly washed out, and the individual was placed under 
tlie influence of chloroform and ether for six hours. Ho ultimately re- 
covered. 

Post-mortem Appearances. — The most striking tiling after death from 
strychnin is the early appearance of rigor mortis. Indeed, an individual 
may die in a paroxysm and the body remain in Ibis condition after death. 
Sometimes this rigor does not pass off until put refaction sets in, and 
Ilaines reports a ease in which a body was intensely rigid five months 
after death. However, too much stress must not be placed upon tlie early 
appearance of rigor mortis after death from strychnin. In truth, the 
statements on this subject in some of our text-books have led to unjusti- 
fiable claims in trials for murder. In at least one case the defense held 
that death could not. have been due 1o strychnin because the body when 
dressed one half hour after death was found to be quite limp. Experi- 
ments with animals have shown that, when minimum fatal doses are em- 
ployed rigor mortis does not come on more speedily than it does after 
death from other poisons or from violence. Tlie bruin and spinal enrd 
are usually congested, and there may be effusions of blood or serum. The 
heart, is generally empty, though occasionally it is found to lie distended. 
There is no characteristic finding in the stomach or intestines. 

Elimination. — It is generally stated that strychnin is rapidly elimi- 
nated by the kidneys, and that in cases of suspected poisoning its detection 
in this fluid may be undertaken with confidence in its identification if 
present. Furthermore, it is claimed that as a rule elimination proceeds 
with marked rapidity, and even when poisonous doses have been given, 
followed by recovery, elimination has been found to be complete within 
from 24 : to 48 hours. It is proper at this point to call attention to the fact 
that there has been some diversity of statement concerning the elimina- 
tion of strychnin by the kidney, and, in fact, concerning its elimination 
from the body by any avenue. Dragendorff and his pupils came to the 
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conclusion from experiments upon animals that strychnin is not rapidly 
eliminated from the body, but that it is held for a time in the liver. Hors- 
ley held that strychnin disappears in the body by forming a new compound 
with albumin. Harley taught that it is oxidized and Uslar claimed that 
at the moment when strychnin manifests its toxic action it undergoes de- 
structive changes in the body. Cloetta came to the conclusion from ex- 
periments upon the lower animals that strychnin is not eliminated in the 
urine. However, more recent investigations, among which we may men- 
tion those of Kratter, have shown that elimination with the urine occurs 
in the majority of instances, in man at least, speedily. The last men- 
tioned author states his conclusions as follows : 

(1) Strychnin is eliminated in the urine unchanged, and this elimina- 
tion begins within a few hours. 

(2) Elimination is in the majority of instances at least complete after 
forty-eight hours. (73.) 


Bruoix 

Occurrence. — It is unnecessary to enter into any long discussion con- 
cerning this alkaloid. In toxic power it is much more feeble than strych- 
nin. It is but little used in medicine, and the writer has found only the 
following cases of poisoning by this substance: Caspar (5) reports three 
cases of fatal poisoning with arsenic and brucin. Three children ate of 
bread and minced meat which was supposed to have been mixed with rat 
poison. This mixture was found on analysis to contain neither phos- 
phorus nor arsenic, but a test for bruciu apparently showed the presence 
of this alkaloid. However, neither brucin nor arsenic was found in the 
stomachs of the children. The only evidence of the presence of brucin in 
the food taken by the children was the fact that the residue from the alco- 
holic extract when treated on a watch glass with nitric acid gave a dis- 
tinct red color. After carefully reading the report of these cases the 
writer is inclined to the opinion that death was due to kreotoxismus. The 
only brucin-conlaining substance which would be likely to be used as a rat 
poison is powdered nux vomica, and why brucin should be present while 
strychnin was absent is not easy of explanation. Certainly the evidence 
that death in these cases was due to either brucin or arsenic is not con- 
clusive. 

Christison (8) states that a species of bark commonly called false 
angustura was introduced into Europe by mistake for true angustura. 
This hark proved to he from the Strychnos Nux Vomica, which, according 
to Christison, contains only a small proportion of strychnin and a rela- 
tively large amount of brucin, and he reports two cases of poisoning. The 
first case, copied from Hufeland, occurred at Berne, Switzerland. The 
second case is stated as follows : fi Professor Hare, of Paris, was once 
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violently affected with this poison, which he took by mistake for the true 
angustura to cure ague. He took it in the form of infusion, and the dose 
was only three-quarters of a liqueur glass full, yet he was seized with nau- 
sea, pain in the stomach, a sense of fullness in the head, giddiness, ringing 
in the ears, an obscurity of vision followed by stiffness of the limbs, great 
pain on every attempt at motion, lockjaw, and impossibility of articulat- 
ing. These symptoms continued two hours, and abated under the use of 
ether and laudanum.” There is no positive evidence in either of these 
cases that the active agent was not strychnin rather than brucin. The 
probabilities are that both were present. Sozinskey (07) reports a case of 
non-fatal poisoning which was due. to a prescription given by an irregular 
physician. The prescriher claimed that lie had copied his formula from 
a German handbook on popular medicine, published in 1840, and in this 
book was found a prescription which provided for 12 grains of brucin and 
half a dram of conserve of roses, to bo made into 24 pills, four of which 
were to he taken twice a day. 


Atropin 

Occurrence. — A tropin is the active principle of atropa belladonna, or 
deadly nightshade, and is found in every part of the plant, but more abun- 
dantly in tlie root, in which the percentage varies from 0.2 1o 0.5. 

Properties. — The alkaloid is a colorless crystalline body of hitter taste, 
sparingly soluble in water, hut readily so in chloroform and ether. It 
combines with acids, forming salts, the most important of which are readily 
soluble in water. The sulphate is the preparation most largely employed 
in medicine. 

Symptoms. — The symptoms induced by belladonna and its alkaloid 
are fairly constant and quite characteristic. There is at first dryness of 
the mouth and pharynx ; swallowing becomes difficult, the pupils rapidly 
dilate, and simultaneously vision is impaired. There is a marked and 
rather characteristic delirium in which there are hallucinations of vision 
and hearing, which at first are likely to he of a pleasant, character, hut 
later the voice becomes indistinct or is lost altogether, and tlie delirium 
is likely to become of a low muttering form. The individual picks at the 
bedclothes, or reaches out with thumb and finger into the air, and .appar- 
ently grasps some object, which he brings near his eyes for examination 
and then discards. lie wishes to arise from bed, and when permitted to 
do so it is found that lio has a staggering gait; coordination of movement 
is lost, anti semblance of intelligence apparently disappears. The victim, 
if permitted to do so, may crawl about the room on all fours, and is likely 
to strike against objects which evidently he does not see. With very large 
doses there may he complete prostration, the extremities grow cold, the 
body is bathed in perspiration, the pulse becomes rapid and weak, and 
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coma may come on, and very rarely severe convulsions appear. Secretion 
from the kidney is generally increased, and involuntary emissions of urine 
may occur. In many instances a scarlatinous rash appears on the surface 
of the body. Nausea and vomiting are occasionally seen, but are rare. 
The only other poisons with which atropin may be confounded from an 
observation of the symptoms are the closely allied substances, such as 
hyoscyamin and scopolamin. 

Poisonous Doses. — In children three berries from the deadly night- 
shade may cause marked symptoms, and twice this number may cause 
death. Of the sulphate of atropin, from 1-12 to l-15th of a grain admin- 
istered by the stomach and l-32d of a grain given hypodermically m ay 
cause death. The writer has seen severe but non-fatal poisoning from 2 
grains of the extract of belladonna. However, there are many instances 
in which recovery from very large doses has been reported. It must be 
stated, however, that in most of these the preparation taken has consisted 
of some part of the plant or some extract of doubtful strength, and not of 
the pure alkaloid or its salts. 

Time. — The readiness with which symptoms appear after administra- 
tion is largely dependent upon the form in which the poison is taken. 
"When the sulphate of atropin is administered symptoms may show them- 
selves within 5 or 10 minutes. By the expiration of this time dryness of 
the mouth and throat are plainly recognized, and dilatation of the pupils 
begins. When extracts of belladonna are administered absorption is more 
tardy, and several hours may elapse before the first symptoms appear. 

Treatment. — When parts of the plant have been swallowed or extracts 
of belladonna have been taken, and the patient is seen relatively early, 
thorough washing of the stomach is of the greatest importance. In fact, 
when the alkaloid or its salts have been swallowed, it is well to wash out 
the stomach. Dilute solutions of tannic acid may be used through the 
stomach tube, and may be of some service in rendering the alkaloid less 
soluble. However, as we have frequently had occasion to state in speaking 
of other alkaloidal poisons, no great reliance can be placed upon chemical 
antidotes. As a physiological antidote pilocarpin has been recommended. 
However, it should be used with care, and the physician should always rec- 
ognize the fact that pilocarpin itself has a markedly depressant effect, 
especially upon the heart. Most authors recommend that the delirium of 
atropin poisoning be controlled by the hypodermic administration of 
morphin. Again, the writer is inclined to speak a word of caution on this 
subject. It is undoubtedly true that there is a certain degree of physi- 
ological antagonism between atropin and morphin, but the physician who 
attempts to completely stay the delirium of belladonna poisoning by the 
hypodermic administration of morphin is in danger of doing his patient 
more harm than good. The hypodermic administration of a grain of 
morphin has been recommended, but the writer admits that although he 
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lias treated ninny eases of belladonna poisoning be has never bad the cour- 
age, nor lias be found it. necessary, to recommend such heroic doses of 
morphiu. In fact, ho lias never used morpliin for this purpose at all. 
The symptoms must he carefully watched, the patient must be prevented 
from injuring himself while in delirium; liis pulse, when it becomes rapid 
and weak, may bo strengthened by the subcutaneous administration of 
brandy, or by a strong dose of strychnin. The body should he kept warm, 
and above all tilings the physician in attendance must keep his own head 
cool and not further endanger the life of his patient by the administration 
of heroic doses of any so-called antidote. As has already been stated, 
recovery after very large doses of this drug lias frequently been observed. 
The symptoms are alarming and distressing to friends, hut the physician 
must not permit, himself, while lie is being urged to do something, to do 
that which might further jeopardize the life of liis patient, and lie should 
bear in mind that many apparently hopeless eases of belladonna poisoning 
recover, the per cent., according to Thick, lining S8.4. 

Post-mortem Appearances.— The. pupils remain dilated for some time 
after death. In other particulars the evidence concerning the post-mortem 
appearances in poisoning with atropin has not been uniform. In animals 
poisoned with this alkaloid there is generally found marked hyperemia of 
the brain, of the abdominal viscera, and of the mucous membrane of the 
stomach. According to Ilertwig there is in animals poisoned with atropin 
a v< nous hyperemia, especially marked at the. base of the brain, and the 
medulla oblongata often shows blood extravasations. Gross (23) made 
a post-mortem examination after death which resulted from three grains 
of atropin, pul up by a druggist, instead of asafetida. The autopsy, made 
4-8 hours after death, showed the pupils widely dilated, the face livid, and 
tlie blood vessels of the membranes of the brain distended. Otto (54) 
found hyperemia of tlie pin mater and medulla oblongata, and eccliymoses 
in the pericardium. According to 1 1 usemann (30) there is nothing char- 
acteristic in the post-mortem findings after death from atropin. The last 
mentioned author is undoubtedly correct in bis statement, because every 
condition which lias been supposed to be at all characteristic after death 
from atropin may be found after death from other causes. 

Kratter (40) found after poisoning with belladonna berries a dark 
violet coloration of the mucous membrane of the pharynx and a croupous 
inflammation of tin* lower third of the esophagus; the former was due to 
the color and tlie latter to the irritating effects of the berries. Paltauf 
(f> fi) detected the coloring matter of the berries in tlie stools. 

Gelsemiet 

Occurrence. — This is tlie active principle of gelseminm sempervirens, or 
yellow jasmin, and is found in the root of this plant in tlie proportion of 
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about 0.25 per cent. The alkaloid was obtained first by Wormley in 1870, 
who, at the same time, demonstrated that the plant contained a non-nitrog- 
enous body to which the name gelsemic acid was given. There are really 
two alkaloids in yellow jasmin, one, gelsemin, discovered by Wonnley in 
1870, and another, gelseminin, isolated by Thompson in 1887. The 
plant also contains a non-nitrogenous body that forms fluorescing solu- 
tions, designated by Wormley as gelsemic acid, but subsequently found by 
Schmidt to be identical with an organic body found in many plants. The 
alkaloid is not used in medicine, and preparations from the plant are but 
seldom employed by regular physicians. For many years gelsemium was 
a favorite remedy with so-called eclectic physicians, and several deaths 
resulted from preparations used by practitioners of that school. 

Properties. — The alkaloid is an odorless, colorless, bitter substance 
which crystallizes with difficulty and imperfectly. It is easily soluble in 
ether and chloroform, and only sparingly soluble in water. It has marked 
basic properties, and unites with acids, forming salts which are readily 
soluble in water. 

Poisonous Action. — There is no known case of poisoning with the al- 
kaloid itself. Poisonous doses of the various preparations of the plant 
induce, first, a sensation of muscular weariness and relaxation. The gait 
becomes unsteady on account of impaired coordination. The action of the 
heart is depressed, and the pulse becomes feeble and irregular in the ma- 
jority of instances, although cases have been reported in which it was 
stated to he unusually strong. Sight is impaired, and the victim seems 
bewildered. In some instances there is double vision, and all objects take 
on a yellow tint. There may be total blindness, and instances of paralysis 
of the upper eyelids have been observed. At first the face may appear con- 
gested, but later it becomes deadly pale, and the lips are blue. The lower 
jaw droops, the tongue seems thick, and speech is imperfect, and the voice 
may be altogether lost. The respirations become slow, irregular, and 
stertorous. As a rule the mind remains clear until either coma or con- 
vulsions set in. Death is apparently due to failure of respiration. 

Treatment. — The prompt and thorough use of the stomach tube should 
be the chief reliance in the first stages of poisoning with preparations of 
gelsemium. After the absorption of poisonous quantities artificial res- 
piration and heart stimulation must be the main reliance ; in securing the 
former electricity may be of service ; for the latter hypodermic injections 
of strychnin and intravenous injections of the aromatic spirits of ammonia 
may be of service. The hypodermic administration of digitalin has been 
recommended by som'e, and of morphin and atropin by others, hut both are 
doubtful procedures. The body should be kept warm by the application of 
external heat and the giving of hot drinks. 
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Vekatrix 

Occurrence. — There are a number of alkaloids found in both veratrum 
album, or white hellebore, and veratrum viride, or American hellebore. 
Fluid extracts and tinctures of veratrum viride have been used quite ex- 
tensively. 

Poisonous Action. — Physiologically veratrin and jervin, also the less 
important alkaloidal bodies found in the veratrums, have the same action. 
When swallowed there are a burning sensation in the mouth, constriction 
of the throat, intense heat in the stomach, nausea, vomiting, and purging. 
These symptoms of gastrointestinal irritation are followed by marked 
prostration, vertigo, dilatation of the pupils, impaired speech, feeble ac- 
tion of the heart, cold extremities, insensibility, and convulsions. Chris- 
tison (<>) reports the* poisoning of a family of eight from the eating of 
bread in which the powdered root of veratrum album had been used in- 
stead of cumin seeds. All were seized with pains in the stomach and 
bowels, with a “sensation as if the. whole intestines were wound up into a 
clew.” While gastrointestinal irritation is apparently accountable for the 
most prominent symptoms, there are eases on record in which the effects on 
the nervous system seem to have predominated. In these instances severe 
convulsions have sot in early, and usually have continued until death. 
Caspar reports the accidental poisoning of a family with veratrum. The 
mother died and the others recovered. The symptoms were nausea and 
vomiting. In the dead hotly Sonneiisolieiii found veratrum. 

Poisonous Dose. — It is impossible to make any definite statement con- 
cerning the poisonous dose of either veratrin or jervin, as there are no in- 
stances on record in which either of these alkaloids lius been taken in fatal 
quantity. A half dram of the tincture of veratrum viride, and twenty 
grains of the powdered veratrum album have proved fatal. However, 
there are many instances in which recovery has followed very large doses. 
It seems probable that in these, the preparations from the plant were not 
rich in alkaloidal content. 

Treatment. — The thorough uw* of the stomach lube is recommended, 
with repeated washings with warm wafer. The depressing effect of the 
poison should be combated by the administration of stimulants, and the 
action of the heart may he strengthened by tbo subcutaneous injection of 
strychnin, or the intravenous injection of the aromatic spirits of ammonia. 
Some recommend that after the thorough evacuation of the stomach 
morpliin should he administered in order to control the pain. The wisdom 
of this recommendation is questionable. A physician should always he 
slow in the administration of morpliin in the treatment of any case of 
poisoning in which prostration is imminent. 

Post-mortem Appearances. — Usually after poisoning with any of the 
preparations of veratrum there is found a congested state of the stomach 
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and intestines. The lungs and Wain are often filled with blood, and this 
condition is in many instances at least due to the vo mi t ing , and is hy no 
means characteristic of the action of this poison. 

DlGITAlur 

Occurrence. — The poisonous properties of digitalis purpurea, or fox- 
glove, are due to a number of active principles, the most important of 
which are digitalin and digitoxin. These are glncosids and not alkaloids. 
Digitalin does not contain nitrogen, and when boiled with dilute mineral 
acid glucose is one of its decomposition products. Both digitalin and 
digitoxin form colorless crystals of acrid or bitter taste. They are with 
difficulty soluble in water and in ether, hnt readily soluble in alcohol and 
chloroform. Commercial digitalis varies widely in composition, hut both 
its poisonous and therapeutic properties are due to the glncosids which it 
contains. 

Poisonous Action. — -When poisonous doses of digitalis are swallowed 
there is a marked gastrointestinal irritation. Severe pain in the stomach 
soon manifests itself, extends to the bowels, and is accompanied hy severe 
vomiting or purging, or both. The action of the heart becomes irregular, 
and the number of pulse heats may be reduced to one half the normal. 
The extremities become cold, the surface is bathed with moisture, the 
pupils are dilated, vision is imperfect, the intellect is at first bewildered, 
and then delirium comes on. Finally convulsions, generally followed hy 
coma, lead to death. 

The readiness with which symptoms appear after swallowing prepara- 
tions of digitalis varies greatly, depending upon the form in which the 
drug is administered and the condition of the individual at the time. The 
action of digitalis after its absorption begins is, compared with many other 
poisonous vegetables, somewhat slow. Even when large quantities are 
taken death seldom occurs* within twenty-four hours, and may he delayed 
for several days. Indeed, one case is reported in which death did not 
occur until after the lapse of three weeks, during all of which time the 
heart remained under the influence of the disturbing action of the poison. 

Poisonous Bose. — It is impossible to say what the minimum fatal dose 
to man of either of the glucosids is. The preparations of digitalis most 
frequently used are the tincture and the infusion. These vary quite 
markedly in strength. Then, again, digitalis belongs to the list of cumu- 
lative poisons, and in nearly all instances where harm has resulted from 
its medicinal employment the injurious effect cannot be ascribed to any 
single dose, hut is the result of the long-continued administration of the 
drug. Death has been known to follow 36 grains of the powdered leaves 
and one dram of the tincture. Two milligrams of digitoxin caused serious 
effects, and it is probable that twice this amount would kill. Children 
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have been severely poisoned with minute closes of Nativelle’s digitalis, 
but there are preparations of “digitalin” the usual doses of which are 
from 6 to 30 milligrams. 

Treatment — The thorough use of the stomach tube in the early stages 
is the only efficient remedy. If (his be not at hand vomiting, if already 
present, should he encouraged by the administration of such mild remedies 
as mustard and warm water; and if not present should be developed by 
the same agents. Host in a reeumbent position is an essential for some 
time, even after the acute symptoms have passed away. Attempts to take 
the standing position may induce heart failure and death. When the 
extremities are cold hot applications should be made, and heart stimulants 
administered. 

CoLCIIlOTN 

Occurrence. — Oolchiein is the active 1 principle of eolehicum autumnale, 
or meadow saffron, in which il exists to the extent- of from 1 to 2 per cent. 
Preparations of this plant are used medicinally, but the alkaloid is not 
employed except in scientific investigations. 

Properties. — Golehioin crystallises with difficulty, and usually appears 
as a white amorphous powder, readily soluble in water, alcohol, chloro- 
form, and ether. Its aqueous solutions are bitter and acrid. Its basic 
properties are not marked, and it combines with acids tardily. 

Poisonous Action. — Golehioum and its alkaloid arc gastrointestinal ir- 
ritants, and symptoms are confined almost wholly to the alimentary canal. 
It is quite as irritating as any of the 11011 -eaustic mineral poisons. When 
swallowed in excessive quantity it induces intense burning pain in the 
stomach and bowels, followed by nausea, vomiting, purging, and tenesmus. 
Then there result marked prostration, coldness of the extremities, feeble 
action of the heart, irregular respiration, and death. In the majority of 
fatal instances death seems due to exhaustion, and seldom occurs in adults 
within 24- hours, and it may he delayed several days. It is impossible to 
make any positive statement concerning the fatal dose of the alkaloid, 
except by inference from the effects of other preparations. In this way we 
learn that from one-third to one-fourth of a grain might, prove fatal to an 
adult. Fatal results have followed the administration of three drams or 
more of the wine of eolehicum. It is not strange that in case of a poison 
which acts so powerfully as a gastrointestinal irritant that recovery should 
sometimes follow the administration of very large doses. These undoubt- 
edly are due to the early onset of vomiting and purging, by means of 
which a large portion of the ingested material is east out of the body be- 
fore it has time to manifest its poisonous properties. Wachliolz places 
the fatal dose of coleliicin at 0.00 gram, and states that lie has known of 
three deaths from it when given for osteomalacia. A popular remedy for 
gout, used in Germany, has also been responsible for one or more deaths. 
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Cokth* 

Occurrence. — Coniin is the active principle of the highly poisonous 
plant hemlock, the action of which has apparently been known to man 
from the most remote historical times. The alkaloid is found in every 
part of the plant, existing in combination with an organic acid, but it is 
found most abundantly in the fruit, in which it is present to the extent of 
from 1 to 2 per cent. Conium maculatum is one of the most widely dis- 
tributed of the umbelliferous plants. It is frequently mistaken for pars- 
ley, sometimes for asparagus, and cases of accidental poisoning are by no 
means infrequent. It is believed to be the poison which was used by the 
ancient Greeks for the purpose of legal execution. The per cent, of alka- 
loid in the plant apparently varies with the season of the year. However, 
the extent to which this variation occurs is a matter which needs more 
exact investigation, inasmuch as the amount of coniin found is so largely 
dependent upon the conditions and methods attending its extraction. 

Properties.- — Coniin belongs to the volatile alkaloids, and at ordinary 
temperature is an oily fluid, slightly lighter than water and of unpleasant 
odor, said to resemble the urine of mice. It boils at 163.5° C., and is only 
slightly volatile at ordinary temperatures. The free alkaloid is soluble 
in about 100 parts of water, and freely soluble in chloroform, alcohol, and 
ether. It is decidedly alkaline in reaction, and readily forms salts, most 
of which are solids at ordinary temperatures. Aqueous solutions of the 
alkaloid give precipitates with tannic acid, silver nitrate, and other gen- 
eral alkaloidal agents. When left in contact with the air a slow process 
of oxidation occurs, and the alkaloid finally becomes converted into a 
brownish resinous body. 

Poisonous Action. — The general effect of coniin upon the animal body 
is to cause paralysis of the muscular system. This generally begins in the 
voluntary muscles and gradually extends over the trunk, involving the 
muscles of respiration, including the diaphragm, and leading to death 
from asphyxia. In some instances muscular twitchings and transient con- 
vulsive movements interrupt the progress of the paralysis. The muscles 
of the heart apparently escape the action of the poison, and it may he seen 
1o heat in experimental animals some time after respiration has ceased. 
At first there is marked muscular weakness, accompanied by difficulty in 
wal kin g, and later by inability to maintain the erect posture. The voice 
becomes feeble and may he’ lost altogether. There is dilatation of the 
pupils and, iu the later stages, loss of vision. The intellect remains clear 
until respiration becomes so impaired that the blood is overcharged wbb 
carbonic acid gas. Delirium and unconsciousness, passing into coma, may 
precede death. The action of the alkaloid, as well as that of active prep- 
arations from the plant, is prompt. Symptoms generally appear within a 
few minutes after the poison has been swallowed, and death may occur 
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within one hour, although, when preparations of the plant are eaten, from 
three to four hours usually supervene. Upon the rapidity of its action 
Ohristison (7) makes the following statement: “A single drop applied 
to the eye of a rabbit will kill it in nine minutes, and three drops in the 
same way will kill a strong cat in a minute and a half. Pive drops in- 
troduced into the throat of a little dog began to act in 30 seconds and 
proved fatal in one minute ; and when 2 grains neutralized with 30 drops 
of weak hydrochloric acid were injected into the femoral vein of a young 
dog it died before there was time to note the interval, so that only two or 
three seconds at most had elapsed before all the internal signs of life were 
extinct. This extraordinary rapidity of action seems incompatible with 
its operation taking place by conveyance of the poison with the blood to 
the spinal cord.” 

It is generally stated that one drop of the alkaloid is sufficient to 
cause death, While this is probably true, the evidence upon which 
it is made is unsatisfactory so far as the statement applies to man. 
We know of no instance in which so small a quantity of the alkaloid has 
proved fatal to man. Indeed, cases of poisoning have usually resulted 
from the taking of some preparation of the plant, and the amount of the 
alkaloid present in the doses swallowed is an unknown quantity. How- 
ever, if it be as poisonous to man as it, is to the lower animals, it is safe to 
say that one drop of tlu* alkaloid would be likely to produce a fatal result. 

Treatment. — The stomach should he thoroughly washed in all cases. 
This, however, would ho of but little service provided the alkaloid or any 
of its salts in pure form had been swallowed, so great is the rapidity 
with which absorption takes place. Tn case of poisoning with preparations 
of the plant one may hope to remove a portion of the substance by washing 
out the stomach. The use of chemical antidotes is of no value, and time 
should not be given to their consideration. Stimulants, such as alcohol, 
and the aromatic spirits of ammonia, also strychnin, should he promptly 
employed. Artificial respiration may lu* resorted to, and may be aided by 
the proper application of electricity. The inhalation of oxygen theo- 
retically is of value, but it cannot be of much service unless artificial res- 
piration is carried on simultaneously. 

The water hemlock, or eienta vorosa, contains a poison, the exact 
nature of which has not yet been determined, but the symptoms induced 
by it show that it is not coniin. A few years ago the writer saw three 
children who had been poisoned by this plant.’ Within from two to four 
hours after they had eaten it they were seized with most violent tetanic 
convulsions, accompanied by marked opisthotonos, and this continued at 
intervals, varying from a few minutes to half an hour, and grew in in-, 
tensity, and all of the children died within twelve hours after they had 
eaten of the plant. This accident happened in April. It is believed that 
at certain times of the year the eicuta contains no poison. 
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The pl an t known as hemlock, dropwort, or dead tongue and cenanthe 
crotata, seems to be poisonous in certain climates, and wholly free from 
poisonous properties when grown in other places. In regard to this plant 
Christison (9) makes the following statement: “Since Lobel first took 
notice of the poisonous properties of the oenanthe root in 1570 an unin- 
terrupted series of observations has been published down to the present 
day, showing that in Prance, Germany, Holland, Spain, and various parts 
of England, as far north as Liverpool, it is at all seasons of the year, even 
in October and the beginning of January, a poison of great activity. In 
several of the cases death has been occasioned by a single handful of the 
roots, in one instance by a piece no bigger than the finger, or in other cases 
by individuals merely tasting them. A girl seems to have had a narrow 
escape after merely eating, after the interval of three hours, two pieces 
of the size of a walnut. Very seldom has death been delayed more than 
four hours, and on some occasions a single hour has been sufficient. Some- 
times the symptoms have been slow in making their appearance, an hour 
and a half having occasionally elapsed before the effects were evident; 
but in every instance their progress was rapid, once the symptoms had 
fairly set in, and some died in convulsions almost immediately after being 
taken ill.” 

Pools’ Parsley, or aethusa cymapium, is another poisonous umbellif- 
erous plant. It causes nausea, vomiting, pain in the stomach, and 
numbness of the limbs, followed by coma which may terminate in death. 

Niootist 

- Occurrence.*— Nicotin is the active principle of tobacco, or nicotiana 
tabaeum. Combined with an organic acid the alkaloid is present in every 
part of the plant, the amount varying in different varieties from ‘two to 
ten per cent. There is no other plant which contains this alkaloid. Al- 
though pure 'nicotin is a most deadly poison the plant containing it* is 
used in a great variety of ways, and by some in very large quantity. Prom 
this we must conclude that as it exists in the plant nicotin is not readily 
absorbed into the body. However, there are many cases of poisoning from 
the plant on record, but it must be admitted, after we have taken all the 
possibilities into consideration, that a certain degree of immunity to this 
poison is acquired by those who use the weed. The effects of the first 
smoke or chew need not be described. They are familiar to most males 
who have reached years of maturity. Gmellin reported two cases of death 
from excessive smoking, one man having smoked seventeen and the other 
eighteen pipes at one sitting. Lanzoni reports a death which resulted 
from taking too much snuff. Cases of poisoning -from the application of 
the leaves of tobacco locally for the relief of ringworm have been reported, 
and in some of these the termination was fatal. Infusions of tobacco were 
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once used hy rccial injection in tlie treatment, of constipation I>y irregular 
practitioners, and death from this cause lias been reported. Rectal in- 
jections were also used sit one time for the purpose of destroying pin 
■worms, and in some of tln-so eases death was caused. Insane people have 
swallowed large quantities of the leaf and of infusions of tobacco, and in 
some of these death lias followed. It is stated that one of the lesser French 
poets of the past century was killed by drinking a glass of wine into 
which a box full of Spanish snuff had been emptied hy a half drunken 
companion. 

Properties. — Pure nicotin is a colorless liquid which has the character- 
istic odor of tobacco. It is freely soluble in water, alcohol, ether, and 
chloroform. It is alkaline in reaction, and combined with acids, forming 
neutral salts. On exposure to tlie air it is slowly oxidized, and is gradu- 
ally converted into a brownish rchin. It. is slowly volatile at ordinary tem- 
perature, but does not boil until il is heated to 250° C. 

/ Poisonous Properties. — ■’Nicotin is the only active agent in tobacco, and 
therefore all the poisonous symptoms which result from the administration 
of preparations of this plant are due to this poison. When taken in ex- 
cessive quantity it- causes nausea and vomiting, giddiness, trembling of 
tlie limbs, marked prostration, accompanied by muscular weakness, feeble 
action of the heart, slow respiration, and dilatation of the pupils; al- 
though the action on the pupils is by no means constant, and they are 
sometimes found to be contracted. In extreme cases the limbs become cold, 
tlie body is bathed with pcrsjdration, tlie face is blanched, and intellect is 
impaired. 

f When pure nicotin is administered, as it was in a celebrated ease in 
France, death may occur within a few minutes, and the records of the 
earlier part of the 19th century show numerous instances in which death 
occurred within half an hour or less time after the employment of rectal 
injections of infusions of tobacco J Much experimental work has been 
done on the effect of nicotin on the lower animals, and of especial interest 
is that part of these researches in which the causal relationship between 
this poison and arteriosclerosis has been investigated. Josue (33) prac- 
ticed intravenous injections of nicotin, but wit limit result, as his doses 
were very small, and possibly his preparations were not good. Adler and 
Ilenseh (1) found that 1.5 mg. of Ibis alkaloid injected into the ear vein 
of a rabbit causes in about ten seconds a violent convulsion that lasts from 
three to five minutes, after which the animal rapidly recovers. When the 
injection is repeated daily there is no immunity nor tolerance, and necrotic 
lesions are produced in ihe aorta. Oollins (10) states that he and Brooks 
have induced arteriosclerosis in rabbits bv causing them to inhale tobacco 
smoke. 

Poisonous Dose. — It is impossible to say just what the smallest fatal 
dose for man is. It is probably, however, only a fraction of a grain. In- 
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fusions of the plant vary widely in toxicity on account of corresponding 
variations in alkaloidal content. 

Treatment. — The stomach tube should be thoroughly used, provided the 
poison has been administered by the mouth. In case rectal injections have 
been employed the colon should be freely irrigated. Stimulants, such as 
alcohol, aromatic spirits of ammonia, and strychnin, may be administered. 
When there is evidence of failure of respiration artificial means should 
be resorted to for the purpose of maintaining this function, and in doing 
this electricity may be of service, but I know of no cases in which it has 
been employed. 


Oooain- 

Occurrence. — Cocain is the active principle of a South American plant 
known as erythroxylon coca. It is found most abundantly in the leaves, 
where it exists, together with two relatively unimportant alkaloidal sub- 
stances, combined with an organic acid. The fresh leaves yield from 0.2 
to 1.2 per cent, of the alkaloid. As the leaves dry and decay they become 
inert on account of the gradual decomposition of the alkaloid. 

Properties. — The alkaloid cocain is a colorless crystalline body, read- 
ily soluble in alcohol, ether, and chloroform, sparingly soluble in water. 
It is alkaline in reaction, and combines with acids, forming neutral salts 
which are readily soluble in water. The hydroclilorid is the preparation 
most generally employed in medicine, and is the form in which the drug 
is most extensively used. 

Poisonous Action. — Salts of cocain are rapidly absorbed, and are pois- 
onous when applied to any of the mucous membranes of the body. Acute 
cocain poisoning is rare, but chronic poisoning 1 , due to the establishment 
of a liahit, unfortunately has within the last few years become quite com- 
mon. In acute cases there is a sensation of fulness in the head. This is 
usually accompanied by nausea and vomiting, although symptoms on the 
part of the stomach may be wholly wanting. At first the pulse is in- 
creased in frequency, hut later the number of beats falls below the normal. 
Respiration becomes shallow, slow, and labored. As the effects progress 
the extremities become cold, the body is bathed with perspiration, the 
pupils are dilated, the surface of the body shows by its cyanotic condition 
lack of oxidation of the blood. The pulse grows more and more feeble, and 
finally becomes imperceptible. At the same time the respiration becomes 
more labored and, as the blood fills up with carbonic acid gas and other 
poisonous substances, the brain becomes clouded, delirium, sometimes of 
a wild kind, sets in, convulsions may occur, the individual falls mto a 
comatose condition, and death results. The writer once saw most alarming 
symptoms result from the injection of 1 c. e. of a 4 per cent, solution 
into the gum preparatory to lancing an abscess. 
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In clironic poisoning* with eocain the victim becomes a nervous wreck. 
His gait is somewhat uncertain on account of incomplete coordination. 
As the effect of the drug passes off lie suffers from a sensation of lassi- 
tude, and feels the need of a stimulant. The continued use of the poison 
dims the mind. Hallucinations while under its influence are subse- 
quently mistaken for facts, and the eocain habitue becomes a moral and 
physical degenerate. Some of the most widely used catarrh and asthma 
cures contain eocain. The victim is relieved from the most annoying 
symptoms of the disease, but becomes a slave to the drug, and finally a 
broken-down, nervous wreck. 

When the hvdrochlorid is administered hypodermically, given by the 
mouth, or injected into some cavity, such as the bladder, absorption may 
take place very rapidly, and if the dose be sufficiently large death may 
occur in a few minutes. In fact, when administered subcutaneously, 
death may occur in a few minutes. 

Treatment. — If the poison has been administered by the mouth the 
stomach should be washed out. Indeed, this is a wise procedure in case 
of poisoning with any alkaloid, irrespective of the avenue by which it has 
been administered, because, even when given subcutaneously, most of the 
vegetable alkaloids are in part at least eliminated by the mucous mem- 
brane of the alimentary canal, and a certain portion thus reaches the in- 
terior of the stomach, from which it would be reabsorbed if it were not 
washed out. It is well to bear this in mind, not only in tlio treatment of 
eocain poisoning, but in dealing with poisoning with other vegetable alka- 
loids, and to remember that thorough lavage of the stomach should not be 
omitted, whatever the method of administration may have been. The de- 
pressing effects of the poison are to be antagonized by artificial respira- 
tion, flagellations with cold cloths, and the hypodermic or intravenous 
injections of heart stimulants, such as the aromatic spirits of ammonia 
and the sulphate of strychnin. In chronic poisoning gradual withdrawal 
of the drug may lead to relief from the habit. However, like oflier similar 
bad habits, the individual when left to himself often has not the moral 
strength necessary to enable him to resist temptation. Tor this reason 
confinement in some special institution where a certain degree of restraint 
can be practiced is highly desirable. 

AaoNiTrisr 

Occurrence. — Aconitin is the active principle of aconitum napellus, 
which is sometimes known as wolfsbane, and at other times designated as 
monkshood. The alkaloid, combined with an organic acid, is found in 
every part of the plant, hut is most abundant in the root, where it exists 
in proportions varying from 0.1 to O.cS per cent. There are less important 
alkaloids in the same plant, and there are other varieties of aconitum in 
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which there are alkaloids differing but slightly from aconitin. The alka- 
loid is hut seldom seen, and the medicinal preparation most extensively 
used is the tincture. 

Properties. — The alkaloid is a colorless crystalline body which com- 
bip.es with acids, forming salts. The alkaloid itself is only sparingly solu- 
ble in water, readily soluble in chloroform, less so in ether. Its salts are 
easily soluble in both alcohol and water. The aconitin purchased in the 
market varies greatly in its purity, and some samples contain only traces 
of the alkaloid. Indeed, some years ago Wormley showed that certain 
specimens of so-called aconitin exported from Germany contained abso- 
lutely no trace of the alkaloid. 

Poisonous Action. — Poisoning with aconite is generally accidental, and 
for the most part has been due to the administration of some preparation 
of the plant, or to mistaking the plant for celery or some other vegetable. 
According to jStich (69) there are only two cases of the homicidal em- 
ployment of aconite on record. When a poisonous dose is swallowed the 
first symptom observed is a peculiar numbness which usually begins in 
the lips and tongue, then gradually extends to the pharynx. This numb- 
ness is peculiar, inasmuch as it is accompanied by a tingling sensation. 
Later there may he more or less pain in the stomach. However, as a rule 
this is not marked. Soon the effects due to the systemic action of the 
poison begin to manifest themselves. The peculiar numbness which first 
appeared in the lips or tongue now manifests itself in the fingers and toes, 
and it gradually extends up the extremities and finally involves the 
trunk. There is more or less loss of sensation accompanying this numb- 
ness, and, while there may be marked lassitude and disinclination to mus- 
cular movement, there is at least at this stage no paralysis of motion. As 
the numbness of the extremities accompanied by the peculiar tingling be- 
comes more marked and more extensive the surface of the body becomes 
cool; the face is pale, there is free flow of perspiration, the action of the 
heart becomes feeble, the pulse is reduced to a thread, and finally becomes 
altogether imperceptible. There may he at this stage more or less well- 
marked tetanic convulsions, hut as a rule these are of short duration. The 
individual passes into coma, the action of the heart grows more and more 
feeble, and death results from failure of this organ. 

Fatal Period. — In large doses aconite may speedily cause death. In- 
deed, when death is due to the primary action of the drug it occurs within 
a few hours, but there are cases which linger along for a few days and in 
which the heart is not able to recover its normal tone, and death may occur 
four or five days, or even longer, after the poison has been swallowed. 
Mallet reported on six cases of aconite poisoning that occurred in an in- 
sane asyl um in Virginia, the shortest period being eight minutes, and the 
longest four days. 

Poisonous Dos®. — It is impossible to state just how much pure aconitin 
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constitutes the minimum fatal dose for man. This has been estimated 
variously at from 1-fiOth to 1-1 Otli of a grain. It is possible that these es- 
timates may be fairly correct, but the evidence upon which they are based 
is not reliable. In the first place, as has already been stated, preparations 
of the so-called alkaloid vary greatly in strength, and some of them are 
wholly inert. In the second place, the number of cases of homicide on 
record is exceedingly small, and in cases of accidental poisoning prepara- 
tions of the plant have always constituted the material taken. Four or 
five drops of the tincture may produce numbness of the lips and tongue, 
and even of the extremities, and one < Irani may cause death. Indeed, at 
least one case is upon record in which twenty-five drops of the tincture 
proved fatal. 

Treatment. — The slomach lube should he used promptly ; then heart 
stimulants, such as ammonia and strychnin, may he employed. If at hand, 
tannic acid may he dissolved in the water used in washing the stomach, 
but the washing should not ho delayed in order to obtain tannic acid. 
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Abbe, Dr. Robert, method of using radium 
tubes suggested by, 464; report by, of 
sarcoma of the eyelid successfully treated 
with radium, 490. 

Abdomen, massage of, 323. 

Abdominal viscera, effect of massage 
upon, 297. 

Abscess op the colon, mesentery, and 
liver, electrotherapeutics for relief of, 
405. 

Abscesses, radiant light and heat in treat- 
ment of, 450. 

“Accelerated reaction/’ 134. 

Acne, radiant light and heat in treatment 
of, 459; vaccine treatment for, 145; 
X-ray therapy for relief of, 533. 

Acne, indurated, treatment of, by electric- 
ity conjoined with X-ray, 406. 

Acne, keloid, radium therapy for relief of, 
476; X-ray therapy for relief of, 535. 

Acne rosacea, radium in treatment of, 
476; X-ray treatment of, 534. 

Acne vulgaris, radium in treatment of, 
476. 

Aconitin, poisoning by, 768; fatal period in 
poisoning by, 769; occurrence of, 768; 
poisonous action of, 769; poisonous dose 
of, 769; properties of, 769; treatment of 
poisoning by, 770. 

Acromegaly, relation between hyperac- 
tivity of the hypophysis and, 102; ther- 
apeutic use of the hypophysis for relief 
of, 107. 

Actinium, discovery of, 460. 

Actinomycosis, vaccine treatment for relief 
of, 147. 

Addison’s disease, suprarenal insufficiency 
in, 88, 96. 

Adenitis, tuberculous, radiant heat and 
light in treatment of, 452; X-ray therapy 
in treatment of, 548; X-ray therapy and 
electricity conjoined in treatment of, 401. 
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Adnephrin. See Epinephrin. 

Adrenalin. See Epinephrin. 

Adrenin. See Epinephrin. 

Adrin. See Epinephrin. 

Adsorption, 22. 

Age metabolism, 609. 

Agglutinins, action of, 131. 

Agminate folliculitis, X-ray therapy for 
relief of, 537. 

Air, humidity of, 251. 

Albers-Schonberg, experiments by, on ex- 
posure to secondary radiation in deep 
X-ray therapy, 511; summary by, of 
action of X-ray on uterine fibroids, 559. 

Albuminolysins, nature of, 132. 

Alcoholism, hydrotherapy for relief of, 228. 

Alexin, 128. 

Alimentary diseases, hydrotherapy for 
relief of, 241. 

Alimentary tract, effect of epinephrin 
upon, 91. 

Alimentation, normal serum as means of, 
173. 

Alkaline waters, action of, 236; classification 
of, 233. 

Alkaloidal poisons, antidote for, 676. 

“Allergie,” definition of, 132. 

Alopecia, as a result of X-ray therapy, 520. 

Alpha rays, 462; penetrative power of, 
465. 

Alternating currents, explanation of 
term in electrotherapeutics, 365. 

Altitude, relation of, to climate, 255. 

Amboceptors, nature of, 129, 131. 

Amenorrhea, hydrotherapy for relief of, 

211 . 

Ammonia, poisoning by, 749. 

Amperage, explanation of term, 364. 

Anemia, hydrotherapy for, 206; influence of 
climate upon, 280; mechanotherapy for, 
348; Spa treatment for, 239. 

Anemia, cerebral. See Cerebral anemia. 
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Anesthetics, local, action of, enhanced by 
use of epinephrin, 99. 

Angiomata, electrolysis in treatment of, 
397; radium in treatment of, 479. 

Animal body, disposition of poisons by, 070. 

Animal poisons, 678. 

Antagonism between radiant light and 
HEAT AND ROENTGEN HAY, 447. 

Anti ago ressinh, 148. 

Antianthrax serum, 167. 

Antibodies, action of, 131; method of stim- 
ulating formation of, 138; presence of, in 
acquired immunity, 130. 

Antlcholera serum, 167. 

Anti-colon-bacillus serum, 166. 

Anticyclones, 2/54. 

Antidotes, administration of, in treatment, 
of poison, 675; for alkaloidal poisons, 
676; for corrosive poisons, 675. 

Antldysenteric serum, 165. 

Antiferment treatment, 171. 

Antigens, forms of, for injection, 138; na- 
ture of, 130. 

Antigonococcus serum, 165. 

Antiinfluenza serum, 162. 

Antimeningococcus serum, 101 ; administra- 
tion of, 162. 

Antimony, occurrence of, 692; poisoning by, 
692; poisonous action of, 693; poisonous 
dose of, 695; post-mortem appearances 
in poisoning by, 695; preparations of, 
693; treatment of poisoning by, 695. 

Antiplague serum, 107. 

Antipneumococcus serum, 164. 

Antistaphylococcus serum, 166. 

Antistreptococcus serum, 163. 

Antithyroid serum, 169. 

Antitoxic sera, 154; diphtheria antitoxin, 
154; graminol, 161; meat poisoning anti- 
toxin, 161; pollantin, 160; snake venom 
antitoxin, 159; tetanus antitoxin, 158. 

Antitoxin, of diphtheria, See Diphtheria; of 
meat poisoning, 161; of snake venom, 
159; of tetanus, 158. 

Antituberculosis serum, 168. 

Antityphoid serum, 166. 

Antivenin, 159. 

Antral disease, radiant heat and light in 
treatment of, 452. 

Apparatus employed in electrotherapeutics, 
367: coils and transformers, 367; high 
frequency apparatus, 308; interrupters, 
368; motor dynamo, 369; static machines, 


367; Tesla machine, 368; wall plates 
369. 

Apparatus employed in light therapy, 441; 
colored screens, 441; Finsen lamp, 441* 
Goerl lamps, 443; liigh-candle-power in- 
candescent lights, 442; light bath cab- 
inets, 443; marine searchlights, 441* 
Minin light, 442. 

Appendicitis, acute, hydrotherapy for re- 
lief of, 213; chronic, electricity in treat- 
ment of, conjoined with X-ray, 405; 
radiant heat and light in treatment of 
453. 

Appetite, influence of, upon digestion, 629; 
influence of exercise upon, 333. 

“ Appetite juice, ” 629, 630, G31. 

Armstrong, William, results of radio- 
activity summarized by, 472. 

Aronson’s antistreptococcus serum, 163. 

Arrowroot, as article of invalid diet, 653. 

Arsenic as a mineral poison, 678; eating 
of, 6S3; histological changes caused by, 
688; occurrence of, 678; poisonous ac- 
tion of, 682; poisonous dose of, 689; 
post-mortem appearances after poison- 
ing by, 686; preparations of, 681; symp- 
tomatology of poisoning by, 682; treat- 
ment of poisoning by, 690; unusual 
forms of poisoning by, 692. 

Arsenic poisoning, chronic, hydrotherapy 
for relief of, 228. 

Arsenical waters, action of, 236; classifica- 
tion of, 234. 

Arteriosclerosis, hydrotherapy for relief 
of, 203; influence of climate upon, 282; 
mechanotherapy for relief of, 351. 

Arthritis deformans, hydrotherapy for 
relief of, 226; massage and gymnastics 
for relief of, 327. 

Arthritis, gonorrheal, electrotherapy for 
relief of, 414; hydrotherapy for relief of, 
210 . 

Arthritis, rheumatoid. See Rheumatoid 
arthritis. 

Arthritis, tuberculous, electricity con- 
joined with X-ray in treatment of, 403; 
radiant light, and heat in treatment of, 
452. 

Articular rheumatism, acute, hydro- 
therapy for relief of, 227; serum for, 
164. 

Articular rheumatism, chronic, applica- 
tion of hydrotherapy to relief of, 208. 
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Artificial feeding, methods of, 640; gavage, 
643; nutrient enemata, 641; rectal feed- 
ing, 640; subcutaneous feeding, 644. 

Artificial respiration, use of, as remedy for 
poisons causing heart failure, 676. 

Asiatic cholera. See Cholera. 

Asthma, bronchial, epinephrin for relief 
of, 99; hydrotherapy for relief of, 204; 
sudden death due to, following in- 
jection of antitoxin, 135; vaccine treat- 
ment for, 147. 

Ataxia, massage and. gymnastics in treat- 
ment of, 316. 

Atmosphere, barometric pressure of, 257; 
composition of, 257; dust contained in, 
258, 274; humidity of, 250; impurities 
contained in 258, 274; relation of alti- 
tude to, 255. 

Atmospheric dust, influence of, upon 
health, 274; nature of, 258. 

Atmospheric humidity, as a climatic factor, 
250; determination of, 252; physiological 
influence of, 263. 

Atmospheric impurities, influence of, on 
health, 274; nature of, 258. 

Atrophy, massage and gymnastics in the 
treatment of, 314; of the skin, due to 
X-ray therapy, 520. 

Atropin, poisoning by, 756; occurrence of 
poisoning by, 756; poisonous doses of, 
757; post-mortem appearances in poison- 
ing by, 758; properties of, 756; symp- 
toms of poisoning by, 756; treatment of 
poisoning by, 757. 

Atwater, factors given by, for calculating 
dietaries for children, 609. 

Autogenous vaccines, nature of, 140; use of 
in staphylococcus infections, 145. 

Autohypnosis, 571. 

Autoinoculation, theory of, 139. 

Autoserotherapy, 170. 

Autosuggestion, association of, with hys- 
teria, 564. 

Auxiliary articles of diet, 607. 

B. perfrin gens infectiqn, vaccine treat- 
ment in, 147. 

B. pseudodiphtheriticus infection, vac- 
cine treatment in, 147. 

B. pyocyaneus infection, vaccine treat- 
ment in, 147. 

Bacterial extracts, immunization with, 
148. 
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Bacterial life, effects of X-ray upon, 529. 

Bacterial poisons, 678. 

Bacterial products, treatment with, 
173; principles of, 173; prodigiosus tox- 
ins in treatment of tumors, 174; pyo- 
cyanase, 173; streptococcus toxins in 
treatment of tumors, 174. 

Bacterial vaccines, action of, 139; varieties 
of, 140. 

Bactericidal sera, 161; antianthrax serum, 
167; antichoiera serum, 167; anticolon- 
bacillus serum, 166; antidysenteric 
serum, 165; antigonoeoccus serum, 165; 
antiinfluenza serum, 162; antimenin- 
gococcus serum, 161; antiplague serum, 
167; antipneumococcus serum, 164; 
antistaphylococcus serum, 166; anti- 
streptococcus serum, 163; antityphoid 
serum, 166. 

Bacterins. See Bacterial vaccines. 

Bacteriolytic immunity, discovery of, 
127. 

Balneology, 229; action of mineral waters 
in, 235; in alimentary diseases, 241; in 
blood diseases, 239; in cardiac diseases, 
240; choice of Spa for, 237; classifica- 
tion of mineral . waters in, 232; com- 
position of mineral waters in, 231; in- 
dications for Spa for, 237; introduction 
to, 229; principles of, 229; in renal and 
bladder disorders, 241; in respiratory 
diseases, 239; in rheumatism, 241; spe- 
cial applications of, 238; in tardy con- 
valescence, 238; temperature of mineral 
waters, 231; virtues of Spas for, 230. 

Banti’s disease, X-ray therapy for relief 
of, 554. 

Barley water, as article of invalid dietary, 
649. 

Barometric pressure, as climatic factor, 
257; physiological influence of reduc- 
tion in, 268. 

Baruch, method of giving general bath 
employed by, 194; “neurovascular train- 
ing” devised by, 224. 

Baths, general, 194; ablution in, 194; cold 
plunge, 199; cold rub, 196; cold sponge, 
196; continuous, 199; drip sheet, 195; 
effervescent, 200; full, 198; graduated, 
198; half, 195; hammock, 199; Nep- 
tune’s girdle, 198; of radiant light and 
heat, 454, 456; of radioactive waters, 
467, 473; sheet, 195; warm full, 199. 



776 


index 


Baths, localized, 200. 

Baths, therapeutic, 1S5; benefit of cold m, 
189; benefit of heat in, 192; early use of, 
1S5; extremes of temperature applied by 
means of, 200; general, 194; localized, 
200; value of, in typhoid fever, 21 8. 

Beef juice, as article of invalid dietary, 
051. 

Beef pulp, as article of invalid dietary, 
051. 

Beef tea, as article of invalid dietary, 050. 

Benign growths of tiie stun, value of 
X-ray therapy in treatment of, 540. 

Beraneck’s tuberculin, 151. 

Bemheim’s method of hypnotization, 570. 

Beta rays, 402; penetration of, 405; use of, . 
in cancer of buccal mucous membrane, I 
487. 

Beverages, as auxiliary articles of diet, 007. 

Bier’s method, 449. 

Biliauy-iiepatic disease, hydrotherapy for 
the relief of, 212. 

Binswanger, baths of graduated tempera- 
ture recommended by, in epilepsy, 222. 

Biological effects of the X-ray, 512. 

Bismuth suhnituatio, poisoning by, 725. 

Bitter waters, 238. 

Bladder, diseases of, hydrotherapy for 
relief of, 209; Spa treatment for relief of, 
241. 

Blastomycosis, X-ray therapy for relief of, 
540. 

Blood, effect of cold baths upon, 190; ef- 
fect of hot baths, 192; effect of massage 
upon, 294; effect, of X-rays upon, 521; 
transfusion of, in treatment of poisons, 
677. 

Blood, defibuinated, Iransfusion and in- 
travenous injection of, in treatment of 
poisons, 07(3. 

Blood, diseases of, balneology for relief 
of, 239. 

Blood-forming organs, effect of X-rays 
upon, 522. 

Blood pressure, increase of, by use of 
extract of the posterior lobe of the 
hypophysis, 109. 

Blood-vessels, effects of epinephrin upon, 
91. 

Boiled rice, as article of invalid dietary, 
653 

Boils, elect rotlierapputios for relief of, 401. 

Bone marrow, effect of X-rays upon, 523. 


Boracic acid, effects of, upon metabolism 
718. 

Borax and boric acid, animal experiments 
concerning, 717; effect of, on digestion, 
710; effect of, on mucous membranes, 
717; general statements regarding, 714- 
occurrence of, 714; poisoning by, 714 j 
preservative properties of, 723; proper- 
ties of, 714. 

Brachial neuritis, electrotherapeutics for 
relief of, 410; massage and gymnastics 
for relief of, 310. 

Braid, pioneer in hypnotism in America, 
507. 

Brand bath, value of, in pneumonia, 221; 
. value of, in typhoid fever, 219. 

I Branting, physiology of medical gymnas- 
tics investigated by, 298. 

Bread, digestibility of, 040. 

Brkadmakino, 027. 

Bread pudding, as article of invalid diet- 
m*y, (555. 

Breathing exercises, 304. 

B homin', poisoning by, 737. 

Bronchial muscles, effect of epinephrin 
upon, 92. 

Bronchitis, acute, hydrotherapy applied 
t.o relief of, 205; chronic, mechanother- 
apy for relief of, 349; influence of climate 
in treatment of, 281, 

B no w n-S fit j u a rd, revival of organothera- 
peulics by, 07. 

Bruuin, poisoning by, 755. 

Budin-Malonioy, method employed by, for 
giving hot. baths in cholera infantum, 
218. 

Cabot, modiiioation of Brand bath recom- 
mended by, 219. 

Cachexia strumipriva, effects of thyroid 
gland upon, 73; origin of term, 70. 

Calcareous waters, action of, 230; classifica- 
tion of, 234. 

Calory, list 4 of term as expression of food 
requirement, 008. 

Cancer of the breast, radium treatment 
for, 488. 

Cancer of the buccal mucous mem- 
brane, radium treatment for, 487. 

Cancer of the lip, radium treatment for, 
487. 

Cancer of the prostate, radium treat- 
ment of, 490. 
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Cancer op the tongue, radium treatment 
for, 488. 

Cancer op the uterus, radium treatment 
for, 488. 

Cancer cells, action of X-ray upon, 
541. 

Carbohydrate-pat requirement, 614; in- 
jurious effects of excess of fat m, 615; 
method of reckoning, for a diet of 
definite energy value, 617. 

Carbohydrate tolerance, hyperactivity 
of the hypophysis a cause of, 103, 108. 

Carbohydrates, classification of, as food, 
604; digestibility of, 633; presence of, in 
bread, 634; presence of, in breakfast 
cereals, 634; value of, as food, 605. 

Carbon monoxid, poisoning by, 739. 

Carbuncles, treatment of, by electricity 
conjoined with the X-ray, 404. 

Carcinoma, value of X-ray therapy in, 
544. 

Cardiac diseases, balneology for relief of, 
240. 

Cardiac neuroses, mechanotherapy for 
rehef of, 352. 

Cardiac toxemias, radiant light and heat 
in treatment of, 455. 

Cardiovascular diseases, electrothera- 
peutics for relief of, 425. 

Cardiovascular stimulant, use of cpi- 
nephrin as, 97. 

Catarrhal conditions, influence of cli- 
mate in treatment of, 281. 

Caudle, as article of invalid dietary, 
653. 

Caustic alkalies, poisoning by, 747. 

Caustic potash, poisoning by, 748. 

Caustic soda, poisoning by, 748. 

Cellular membranes, 53. 

Cereal breakfast poods, digestibility of, 
634. 

Cereals, cooking op, 627. 

Cerebral anemia, hydrotherapy for relief 
of, 221. 

Cerebral hemorrhage, hydrotherapy for 
relief of, 222. 

Cerebral hyperemia, hydrotherapy for 
relief of, 222. 

Cerebral symptoms, of poison, 671. 

Cerebrospinal meningitis, hydrotherapy 
for relief of, 221. 

Chalybeate waters, action of, 236; classifi- 
cation of, 233. 
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Charcoal in suspension, use of, in alka- 
loidal poisoning, 676. 

Charcot, as pioneer in hypnotism, 567. 

Chicken broth, as article of invalid diet, 
650. 

Chicken jelly, as article of invalid diet, 
650. 

Children, young, effect of X-ray therapy 
upon tissues of, 527, 

Chittenden and Geiss, work done by, on 
effects of boracic acid on metabolism, 
718. 

Chlorin, poisoning by, 737. 

Chlorosis, hydrotherapy for relief of, 206; 
mechanotherapy for relief of, 348. 

Cholelithiasis, hydrotherapy for relief of, 

212 . 

Cholera, Asiatic, hydrotherapy for relief 
of, 218. 

Cholera infantum, hydrotherapy for re- 
lief of, 218. 

Chorea, electrotherapy for relief of, 431; 
hydrotherapy for relief of, 222. 

Cicatrices, radium in treatment of, 481. 

Circulation, diseases op, massage and 
gymnastics in treatment of, 301. 

Circulatory apparatus, physiological ef- 
fects of massage upon, 294. 

Circulatory system, diseases of, appli- 
cation of hydrotherapy to relief of, 202. 

Cirrhosis of the liver, electrotherapeu- 
tics for relief of, 423. 

Cleaves, marine searchlight adapted to 
therapeutic use by, 441. 

Climate, altitude in relation to, 255; ap- 
plication of, to treatment of disease, 277 ; 
atmospheric humidity as a factor in, 
250; definition of, 276; factors in, 247; 
influence of, upon respiratory affections, 
281; influence of, upon rheumatoid af- 
fections, 281; influence of, upon skin 
diseases, 282; influence of, upon tuber- 
culosis, 278; influence of vegetation 
upon, 258; insolation as a factor in, 272; 
land and water as a factor in, 279; phy- 
siological adaptation of human beings 
to, 246; physiological influence of atmos- 
pheric humidity in, 263; psychology of, 
275; reaction of human beings to, 246; 
soil as factor in, 258; of Spas, 240; tem- 
perature as a factor in, 247, 260; winds 
as a factor in, 253. 

Climatology, 245; adaptation of human 



778 


INDEX 


beings to climate, 246; altitude as a 
factor in, 256; application of, to treat- 
ment of disease, 277; atmospheric hu- 
midity as a factor in, 250; barometric 
pressure as a factor in, 257; classifica- 
tion of climates in, 276; definition of, 
245; dust and atmospheric impurities as 
an influence in, 274; electricity as a 
factor in, 257 ; fact ovs of, 247 ; land and 
water as factors in, 240; light as a factor 
in, 273; meteorological, 247; physiologi- 
cal and medical, 250; physiological in- 
fluence of atmoNphei ie humidity in, 262; 
physiological influence of diminished 
barometric pressure in, 26S; physiologi- 
cal reaction to external temperature in, 
260; psychology of, 275; scope of, 245; 
soil as a fact or in, 256 ; temperature as a 
factor in, 247; vegetation as a factor in, 
25.S; winds as a factor in, 253. 

Coagttlink. See Precipitin**. 

Cocain, poisoning hy, 767 ; treatment, of, 
70S. 

Cocoa, as article of invalid dietary, 6*55. 

Cocoa junket, as an article of invalid diet, 
654. 

Cocoa with milk, as article of invalid diet- 
ary, 655. 

Coefficient, of distribution, 10; of parti- 
tion, 19. 

Coffee, as article, of invalid dietary, 656. 

Coils and transformers, 367. 

Colciiicin, poisoning by, 762. 

Cold, application of, to the head, ION; ch*- 
gree of, required for stimulation, 191; 
physiological effects of, ISO; therapeutic 
use of, ISO. 

Colloidal state, definition of, 5; effect of 
external conditions upon, 2K. 

Colloids, 4; classification of, 6; difference 
between crystalloids and, 1; diffusibility 
of, 5, 17; discovery of, 4; efforts of, upon 
crystalloids, 31; hydration capacity of, 
33; osmolie pressure in, 4; saturation of, 
with water, 42. 

Colon bacillus infection, vaccine treat- 
ment in, 147. 

Color, as property of radiant energy, 
436. 

Colored screens, use of, in light therapy, 
442. 

Combination methods of active immuniza- 
tion, 152. 


Complement, 128, 131. 

Complement-bearing bodies. See Albu 
minolysins. 

Complexes, as a psychological mechanism 
589. 

Compress, abdominal, 198; combination 
10K; wet, 197. 

Condensation, as a part, of dream mechan- 
ism in psychotherapy,. 590. 

Condiments and spices, us auxiliary arti- 
cles of diet, 607. 

Coniin, poisoning by, 763; treatment of, 
764. 

Conjunctivitis, vaccine treatment in, 147. 

Constant current in electrotherapeutics, de- 
tormining characteristics of, 374; ex- 
planation of term, 36(5. 

Constant current interrupted, as an electro- 
mechanical method, 390. 

Constipation, electrotherapy for relief of, 
424; hydrotherapy for relief of, 212; 
massage and gymnastics for relief of, 
323; mechanotherapy for relief of, 352. 

Continuous bath, 199. 

Convalescence, moolmnothcrapy in, 348. 

Cooking, effects of, upon food, 625; in 
bread making, 627; cereals and, 627; 
meats and, 626; vegetables and, 627. 

Copper, fatal done of, 704; oecurrencc of, 
701; poisoning by, 701; poisonous ac- 
tion of, 703; post-mortem appearances 
in poisoning by, 704; symptoms of 
poisoning by, 704; treatment of poison- 
ing by, 704. 

Corneal ulcers, radium in treatment of, 
4S4. 

Cornet method of hydrotherapy, 217. 

Corpus luteum in organotherapy, 115; 
preparations of, 116. 

Corrosive poisons, ant idot e for, 675. 

Cranium, neuritis over, electrotherapeu- 
tics for relief of, 417. 

“Cross-fire” methods of applying ra- 
dium, 465; in treatment of angiomata 
and mevi, 480; in treatment, of fungating 
opitheliomata, 486; in treatment of 
keloids, 481. 

Cuyhtalloidal state, 5. 

Crystalloids, 7; difference between col- 
loids and, 4; diffusibility of, 4, 5, 17; 
discovery of, 4; effects of colloids upon, 
34; groups of, 7; osmotic pressure in, 4. 

“Cumulative action” of the X-ray, 516. 
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“ Curie, ” definition of, 467. 

Curie, Mme , discovery of radium by, 460. 

Custard, baked, as article of invalid diet- 
ary, 655; soft, as article of invalid 
dietary, 654. 

Cutaneous tuberculosis, action of ra- 
dium upon, 469. 

Cyclones, 254. 

Cystitis, treatment of, by hydrotherapy, 
209. 

Cytotoxic sera. See Bactericidal sera. 

Darier, trachoma successfully treated with 
radium by, 484. 

Davidson, Dr. Mackenzie, investigations 
by, on value of radium therapy in oph- 
thalmology, 483, 484. 

Deep radiation, uniformity of, in X-ray 
treatment, 509. 

Deep structures op the body, effects of 
X-rays upon, 521. 

Degrais, Dr., work done by, on radium, 
461. 

D ehypnotization, process of, in psycho- 
therapy, 572. 

Dermatitis, acute, due to X-rays, 518; 
chronic, due to X-rays, 519. 

Dermatology, value of electrotherapy in, 
404; value of radiant light and heat in, 
458; value of radiotherapy in, 473; 
value of X-ray therapy m, 530. 

Dessauer’s modification of deep X-ray 
therapy, 509. 

D eutschmann’ s serum, 169. 

Deycke and Much, preparation by, of 
tuberculin mixed with human brain, 151. 

Diabetes insipidus, application of hydro- 
therapy to relief of, 206. 

Diabetes mellitus, electrotherapy for re- 
lief of, 423; hydrotherapy for relief of, 
206; massage and gymnastics in treat- 
ment of, 327; mechanotherapy for relief 
of, 348. 

Diarrhea, hydrotherapy for relief of, 213. 

Diet, auxiliary articles op, 607. 

Dietaries for children, method of cal- 
culating, 609. 

Dietary por invalid. See Invalid dietary. 

Diffusion in living tissues, 16. 

Digestibility of foods, 628. 

Digestion, influence of appetite upon, 629; 
influence of fat-content upon, 631. 

Digitalin, poisoning by, 761. 
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Diphtheria, hydrotherapy for relief of, 
215. 

Diphtheria antitoxin, 154; administration 
of, 157; concentration of, 156; definition 
of, 132; discovery of, 127, 128; nature 
of, 155; nature of toxin concerned in, 
154; precautions in use of, 135; prepara- 
tion of, 155; results of treatment with, 
178; standardization of, 157; sudden 
death following intravenous injections 
of, 134; value of, 157. 

Diseases of toxic origin, electrotherapeu- 
tics for relief of, 408. 

Displacement, as a part of dream mechan- 
ism in psychotherapy, 591. 

Distribution of living tissues, 18; ine- 
qualities in, due to inequalities of ad- 
sorption, 22; inequalities in, due to in- 
equalities in solubility, 18; inequalities 
in, due to interference from “mem- 
branes, ” 24; inequalities in, due to spe- 
cific cell differences, 24. 

Dominici and Barcat, work done by, on 
histological reaction of radium, 468. 

Dosage, of the emanation of radium, 466; 
of the radiation of radium, 465; of the 
X-rays, 501. 

Douches, 200. 

Dramatization, as a part of dream mechan- 
ism in psychotherapy, 591. 

Dream analysis, as part of technique of 
psychoanalysis, 597. 

Dream mechanism, 590. 

“Dream-work,” 590. 

Drip sheet bath, 195. 

Dubois’s method of re-education, 583. 

Dunbar, theory of causation of hay-fever 
held by, 160. 

Dwarfism, relation between the hypoph- 
ysis and, 103. 

Dysentery, hydrotherapy for relief of, 219; 
prophylactic inoculation against, 142. 

Dysmenorrhea, electrotherapy for relief 
of, 4, 19; hydrotherapy for relief of, 2, 11. 

Dyspepsia, nervous, hydrotherapy for re- 
lief of, 214. 

Dystrophia adiposogenitalis, relation be- 
tween hypopituitarism and, 103; ther- 
apeutic use of the hypophysis for relief 
of, 104, 108. 

Ear, influence of poisons upon, 672. 

“Early reaction” of X-ray, 516, 
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Eclampsia, thyroid gland in treatment, of, 
76. 

Eczema, radiant, light and heat, in treatment 
of, 458; radium in treatment of, 474; 
X-ray therapy for relief of, 531. 

Effervescent bath, 200. 

Ego albumin water, as article of invalid 
diet, 052. 

Egg flip, as article of invalid diet, 052. 

Egg-nog, as article of invalid diet., 052. 

Eggs, digestibility of, 032; idiosyncrasy 
to, 033; use of, as article of food, 
032. 

Ehrlich’s theory. See. Sule-cham theory. 

Elbow bath, 200. * 

Electric arc, as source of radiant energy, 
430. 

Electricity, as a climatic factor, 257; 
effects of, on living body, 7; electrolytic 
effects of, 370; mechanical effects of, 
370; physical effects of, 300; properties 
of, in hydrotherapy, 103; thermic effects 
of, 370.” 

Electricity, physiological effects of, 
370; basis Fur physiological effects of, 
376; determining characteristics of elec- 
trical currents, 371; effect of high fre- 
quency current, 375; effect of induced 
current, 374; effect, of sinusoidal cur- 
rent, 375; effect, of static current, 374, 
377; independent irritability, 372; me- 
chanieal effects, 376; muscular response 
to nervous irritation, 371. 

Electricity, therapeutic application of, 307; 
in cardiovascular diseases, 425; in dis- 
eases of toxic origin, 408; in gonorrheal 
infections, 406; in infections, 30, S; in 
inflammation of joints, 412; in neuritis, 
414; in pelvic inflammation, 418; in pul- 
monary tuberculosis, 400; in pyogenic 
infections, 403; in simple inflammations, 
400; in spinal cord diseases, 428; in 
tuberculosis of the skin, 400; in tubercu- 
lous infections, 300, 

Electrolysis and indications for its use, 
306. 

Electrolytes, 7; capacity of tissue col- 
loids for water reduced by, 38; compara- 
tive activity of, in living cells, 55; defi- 
nition of, 7; <‘ffect. of, upon gelatin and 
fibrin in acid solution, 31; effect upon, 
of solution in watoi, 26; relation be- 
tween electricity and, 7; relation be- 


tween the laws of osmotic, pressure and 
54. 

Electrolytic dissociation, pharmaco- 
logical importance of, 26; process of, in 
living tissues, 7. 

Electromechanical methods, 379; constant 
current interrupted, 390; induced cur- 
rent, 389; pulsatory Oudin current, 388; 
sinusoidal current, 3S8; static brush dis- 
charge, 3S6; static induced current, 382; 
static spark, 3S3; static spray, 387; 
static wave current, 379; vacuum tube 
wave current, 382. 

Electrotherapeutics, 363; apparatus em- 
ployed in, 367; application of electric 
currents for mechanical effects in, 376; 
application of electric cm-rents for ther- 
mic effects in, 390; definition of, 363; 
electrolysis and indications for its use in, 
396; explanation of t erms employed in, 
363, methods and principles of apply- 
ing electrical currents in, 379; physical 
effects of electricity in, 369; physiolog- 
ical effects of electricity in, 369; ther- 
apeutic application of electricity in, 
397 ; therapeutic indications for mechan- 
ical effects of, 394; therapeutic indi- 
cations for thermic effects of, 393. 

Emanation, of radium, 403. 

“Emanatoren, ” employment of, in thera- 
peutic use of radium, 473. 

Embalming fluids, occurrence of arsenic 
in, «H0. 

Embryos, effect of X-ray therapy upon tis- 
sue's of, 527. 

Empiric method of determining the 
DAILY FOOD REQUIREMENT, 60S. 

Emulsion colloids, 6, 28. 

Endocarditis, electrotherapy for relief of, 
401); hydrotherapy for relief of, 204. 

Endometritis, chronic, hydrotherapy for 
relief of, 211. 

Endotin, 151. 

Endotoxins, 148. 

Enemata, high, use of, after poisoning, 
675. 

Enemata, nutrient, method of giving, 642; 
nutritive value of, 641. 

Energy requirement, 60S, 611. 

Enteric diseases, hydrotherapy for relief 
of, 212. 

Enteritis, acute, hydrotherapy for relief 
of, 213. 
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Enuresis, nocturnal, hydrotherapy for 
relief of, 209. 

Epididymitis, electrotherapy for relief of, 
407; hydrotherapy for relief of, 212. 

Epilepsy, hydrotherapy for relief of, 222. 

Epinephrin, absence of, in Addison's disease, 
89; amount of, in blood of suprarenal 
vein, 68; conditions benefited by ad- 
ministration of, 96, 98, 99; as cardio- 
vascular stimulant, 97; in control of 
hemorrhage, 97; as a local hemostatic, 98; 
peculiarities of, 97; physiological action 
of, 90; preparations of, 100; resem- 
blance between effects of, and effects of 
hypophysis, 105; synonyms for, 100; 
therapeutic uses of, 95; unstable char- 
acter of, 68; untoward effects following 
use of, 100; use of, to enhance effect of 
local anesthetics, 99. 

Epirenan. See Epinephrin. 

Epitheliomata, action of radium upon, 
470; fungating, radium in treatment of, 
485; of the skin, superficial, radium in 
treatment of, 484; superficial, X-ray 
therapy for relief of, 542. 

Equilibrium in living tissues, 12. 

Erysipelas, radiant light and heat in treat- 
ment of, 454. 

“Erythema dose,” of X-ray, 502. 

Erythemas, itching, radiant light and 
heat in treatment of, 459. 

Exanthemata, hydrotherapy for relief of, 
215. 

Exercise, influence of, on the human body, 
331; influence of, in psychotherapy, 
600. 

Exophthalmic goiter, hydrotherapy for 
relief of, 207, radium in the treatment of, 
482; X-ray therapy for relief of, 556. 

Exotoxin, 148. 

Experimental method of determining 
the total food requirement, 608. 

Exposure, time of, as a factor in an X-ray 
treatment, 504. 

Extractives, uses of, as food, 605. 

Eye, effect of epinephrin upon, 92; effect of 
X-ray upon, 527; influence of poisons 
upon, 672. 

Faria, AbbIs pe, pioneer in hypnotism, 566. 

Fat, digestibility of, 635; sources of, 604; 
subcutaneous administration of, 644; 
value of, as a food, 606. 
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Fat-content, influence of, upon the di- 
gestion of meat, 631. 

Favus, X-ray therapy for relief of, 535. 

Feeding by artificial means. See Artificial 
feeding. 

Felon. See Whitlow. 

Fibroids, uterine. See Myomata of uterus. 

Finsen, demonstration by, of superficial 
penetration of ultra-violet rays of light, 
433; work by, on use of light therapy in 
lupus, 449. 

Finsen lamp, use of, in light therapy, 441. 

Finsen’s method, in treatment of tubercu- 
losis of the skin, 400. 

Fish, digestibility of, 632. 

Fissure in ano, electrotherapeutics for re- 
lief of, 420. 

Flexner serum, 161. 

Fluorescence, as property of radiant 
energy, 436. 

Food, table of composition of, 618. 

Food, total requirement of, 657; of car- 
bohydrates, 614; of fats, 614; methods 
of determining, 608; muscular work as 
an influence upon, 610; of proteins, 612; 
size as an influence upon, 609; terms of 
expressing, 612. 

Food, uses of, 604; carbohydrates, 605; 
extractives, 605; fat, 606; gelatin, 605; 
protein, 600; salts, 606; water, 606. 

Foods, 603; auxiliary articles of, 607; 
definition of, 603; digestibility ol, 628; 
effects of cooking upon, 625; foodstuffs, 
604; proprietary, 656; protein, fat, and 
carbohydrate ratios of, 612; total re- 
quirement of, 607; uses of, 604. 

Foods, digestibility of, 628; appetite an 
influence in, 629; of bread, 634; of car- 
bohydrates, 633; definition of term 
“digestibility,” 628; of eggs, 632; of fat, 
635; of fish, 632; general considerations 
regarding, 628; of meats, 630; of milk, 
633. 

Food stuffs, 604; absorption of, in rectal 
feeding, 641. 

“Fractional-dose” method, for adminis- 
tration of an X-ray treatment, 504. 

Fracture, delayed union of, administra- 
tion of thyroid gland for, 77. 

Fractures, massage and gymnastics ir 
treatment of, 328. 

Free associations, as part of technique o 
psychoanalysis, 593. 
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Frenkel, system for reeducation of the 
ataxic motor apparatus formulated by, 
316. 

Frequencies, as property of radiant ener- 
gy, 433. 

Frequency, explanation of term in electro- 
therapeutics, 364. 

Freud’s system of psychotherapy, 657. 

Friction, as a method in massage, 289. 

Friction, sparks, use of, in electrotherapeu- 
tics, 335. 

Frontal sinuses, suppuration op, radi- 
ant heat and light in treatment of, 
451. 

Full-bath, use of, in hydrotherapy, 198. 

Furuncles, electrotherapeutics in treat- 
ment, of, 405. 

Furunculosis, X-ray therapy for relief of, 
548. 

Gamma rays op radium, 462; penetrative 
power of, 465; use of. in cancer of bureal 
membrane, 487. 

Gastric catarrh, hydrotherapy for relief 
of, 214. 

Gastric dilatation, mechanotherapy for 
relief of, 352 

Gastric diseases, hydrotherapy for relief 
of, 214. 

Gastritis, chronic, hydrotherapy for re- 
lief of, 214. 

Gastrointestinal disorders, hydrother- 
apy for relief of, 212; massage and gym- 
nastics for relief of, 322; mechano- 
therapy in, 357. 

Gastroptosis, hydrotherapy for relief of, 
214. 

Gavage, as means of artificial feeding, 643. 

Gelatin, uses of, as food, 605. 

Gelsemin, poisoning by, 758. 

General debility, mechanotherapy for 
relief of, 348. 

Genitourinary diseases, hydrotherapy for 
relief of, 209. 

Geppert, work done by, on poisoning by 
hydrocyanic acid, 744. 

Germ life, effect of radiant energy upon, 
436. 

Gigantism, relation between the hypophy- 
sis and, 103. 

Glanders, vaccine treatment in, 147. 

Glands, enlarcxEment op, X-ray therapy 
for relief of, 555, 


Glandular disease of the skin, X-ra 
therapy for relief of, 327. 

Glisson, Francis, theory of muscle irri 
tabihty advanced by, 373. 

Goerl lamps, use of, in light therapy, 443 

Goiter, radium in treatment of, 482; X-ray 
therapy for relief of, 555. 

Goldscheider, reeducation therapy recom- 
mended by, in intention tremor and 
atlietoid movements, 320. 

Gonococcus infections, electricity in 
treatment of, 406; radiant light and 
heat in treatment of, 449; vaccine 
treatment for, 146. 

Gonorrhea, acute, hydrotherapy for re- 
lief of, 210. 

Gonorrheal arthritis, hydrotherapy for 
relief of, 227. 

Gout, application of climate to the treat- 
ment of, 281; gymnastic exercises in 
treatment of, 325; mechanotherapy for 
relief of, 348; radium in the treatment 
of, 471, 473. 

Graduated bath of Von Ziemssen, 198. 

Graham, Thomas, studies on colloids and 
crystalloids by, 4. 

Gram-molecular solution as basis of 
standardization in pharmacology, 10. 

Gram-molecule as unit for standard solu- 
tions in pharmacology, 10. 

Graminol, 161. 

Granulosis rubra nasi, radiotherapy in, 
476. 

Graves’ disease, diarrhea of, relieved by 
epinophrin, 97; persistence or enlarge- 
ment. of thymus gland in, 188; treat- 
ment of, with antithyroid serum, 169; 
treatment of, with radium, 4S2. 

Grimes, pioneer in hypnotism in America, 
567. 

Gymnastic exercises, in chronic constipa- 
tion, 323; field and gymnasium, 301; for 
use in muscular spasm, 315; for use in 
neurasthenia, 321; for use in obesity, 
325; Oertol’s, 304; recducational, 316, 
320; respiratory, 306, for use m school, 
300; Schott’s, 302. 

Gymnastics, 298; definition of, 298; in dis- 
ease, 301; in health, 300; history of, 298; 
requisites to success in, 299. 

Gynecology, use of mechanical vibration 
in, 358; value of radium therapy in, 
482, 
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Haffkine, vaccination against cholera in- 
troduced by, 126. 

Half-bath, use of, in hydrotherapy, 195. 

Hammock-bath, use of, in hydrotherapy, 
199. 

Headache, hydrotherapy for relief of, 222; 
massage and gymnastics in treatment 
of, 312. 

Heart, changes in, during hypnosis, 578; 
effects of epinephrin upon, 91; physio- 
logical effects of cold upon, 190. 

Heart, diseases of, influence of climate 
upon, 282; mechanotherapy for relief 
of, 350, 351. 

Heart stimulants, hypodermic or intra- 
venous injection of, in treatment of 
poisons causing heart failure, 676. 

Hemicrania, hydrotherapy for relief of, 

222 . 

Hemisin. See Epinephrin. 

Hemophilia, administration of thyroid 
gland for relief of, 77. 

Hemorrhage, use of epinephrin for control 
of, 97. 

Hemorrhage, cerebral. See Cerebral 
hemorrhage. 

Hemorrhage of the lungs. See Pulmo- 
nary hemorrhage. 

Hemorrhage, pulmonary. See Pulmo- 
nary hemorrhage. 

Hemorrhagic conditions, serum treat- 
ment of, 172. 

Hemorrhoids, electrotherapy for relief of, 
420; hydrotherapy for relief of, 204. 

Hemostatic, local, use of epinephrin as, 
98. 

Hepatic hyperemia, hydrotherapy for re- 
lief of, 212. 

He rpes zoster, electrotherapeutics for re- 
lief of, 417; radium treatment for pain 
in, 474. 

High candle power incandescent lights, use 
of, in light therapy, 442. 

TTigh frequency current, determining char- 
acteristics of, 375; explanation of term 
in electrotherapeutics, 366. 

Hip bath, use of, in hydrotherapy, 200. 

Histological changes in skin, due to 
X-rays, 521. 

History-taking as part of technique of psy- 
choanalysis, 592. 

Hodgkin’s disease. See Pseudoleukemia. 

Holt? machine, 367. 


Holzknecht, method of measuring in- 
tensity of the X-rays devised by, 502; 
method of securing conformity of deep 
irradiation of X-rays devised by, 509. 

Holzknecht’ s radiometer, use of, for meas- 
uring intensity of X-ray, 502. 

Homogeneous irradiation, in X-ray ther- 
apy, 509, 

Hot-air baths, use of, in hydrotherapy, 200 

Household, occurrence of arsenic in, 680. 

Human immune serum, 170. 

Humidity, atmospheric, 250; absolute, 
251; physiological influence of, 263; rel- 
ative, 251; relation between tempera- 
ture of the body and, 262 

Hydration capacity of colloids, 33. 

Hydrochloric acid, poisoning by, 736. 

Hydrocyanic acid, action of, 742; diagnosis 
of poisoning by, 746; elimination of, 747; 
fatal dose of, 746; fatal period in poison- 
ing by, 746; poisoning by, 741; post- 
mortem findings in poisoning by, 747; 
properties of, 741; stages of poisoning 
by, 745; treatment of poisoning by, 746. 

Hydrogen-sulphid, poisoning by, 738; 
treatment of, 739. 

Hydrophilic colloids, 6, 7. 

Hydrophobic colloids, 6. 

Hydrotherapy, 184; balneology in, 229; 
in constitutional diseases, 206; in dis- 
eases of circulatory system, 202; effects 
of cold in, 189; effects of heat in, 192; 
extremes of temperature m, 200; in 
gastrointestinal disease, 212; general 
baths in, 194; in genitourinary disease, 
209; history of, 184; in intoxications, 
228,' in joint disease, 226; localized baths 
in, 200; in metabolic diseases, 206; mode 
of application of, 193; in nervous dis- 
eases, 221; properties of water in, 187; 
in respiratory diseases, 204; special 
forms of, 229; in specific infectious dis- 
eases, 215; summary of general princi- 
ples contained in, 201; in toxemias, 
228. 

Hyperemia, cerebral. See Cerebral hy- 
peremia. 

Hyperemia, production of, as effect of 
radiant energy, 438, 445. 

Hyperpituitarism, conditions associated 
with, 102. 

Hypertrichosis, radium in treatment of, 
479. 
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Hypertrophic rosacea, radiotherapy in, 
476. 

Hypnosis, normal, 573; activity of associa- 
tion in, 573; activity of will in, 574; ap- 
plication of, 582; dangers of, 582; gen- 
eral sensations in, 577 ; hallucinations in, 
576; heart during, 578; impulses dur- 
ing, 578; intestines during, 57S; mem- 
ory during, 574; motor sphere during, 
577; reaction to, 570; secretion during, 
578; sensations during, 570; stages of, 573; 
stomach dining, 578; suggestibility in, 
574; temperature of the body during, 
57S; trophic effects of, 578; vasomotor 
effects of, 578. 

Hypnotic sleep without suggestion, 580. 

Hypnotic suggestive therapy, 580. 

Hypnotism, 565; awakening of patient from, 
572; historical review of, 565; normal 
hypnosis and, 573; pioneers in, 500; 
post-hypnotic suggestion in, 580; sus- 
ceptibility to, 567; technique of, 568; 
ut ilization of, in medicine, 580. 

Hypophyseal tumor, administration of 
hypophysis followed by relief of, 108. 

Hypophysis in organotherapeutics, 101; ac- 
tive principles contained in, 107; condi- 
tions benefited by administration of, 
107, 109; contraindications to use of, 
109; effects following extirpation of, 
104; functions of, 101; hyperactivity of, 
102, 103; liypoaetivity of, 103; physio- 
logical effects of, 105; relation between 
acromegaly and, 101, 102; relation be- 
tween growth and, 103; summary of 
knowledge concerning, 107; therapeutic 
uses of, 107; untoward effect, s of, 109. 

Hypopituitarism, conditions associated 
with, 103. 

Hypothyroidism, conditions op, 74. 

Hysteria, hydrotherapy for relief of, 223; 
massage in treatment of, 322. 

Ice baths, use of, in hydrotherapy, 201. 

Ice pack, use of, in hydrotherapy, 201. 

Ice rub, use of, in hydrotherapy, 201. 

“Igniting juice.” See “Appetite juice.” 

Immune bodies. See Antibodies. 

Immune sera, 153; antitoxic sera, 154; bac- 
tericidal sera, 161; other types of, 16S. 

Immune therapy and malignant disease, 
175. 

Immunity, acquired, 129; active, 137; anti- 


bacterial, 129; antibodies in causation 
of, 130; antitoxic form of, 129; develop- 
ment of, after inoculation, 138; natural 
129; nature of, 129; passive, 129; passive 
natural, 171; theories of, 127. 

Immunization, active, 137; with attenuated 
virus, 139; with bacterial extracts, 148; 
combination methods of, 152; with dead 
organisms, 139; with virulent living or- 
ganisms, 139. 

Immunization, passive, 153; antitoxic sera 
as a means of, 154; bactericidal sera as a 
means of, 161; immune sera of other 
types as a means of, 168. 

Immunization with bacterial extracts, 148; 
tuberculin, 149; tnchophytin, 152. 

Immunization with dead organisms, 139; in 
prophylaxis of cholera, 141; in prophy- 
laxis of dysentery, 142; in prophylaxis 
of the plague, 142; in prophylaxis of 
typhoid fever, 142; technique of method 
of, 140; theory of method of, 139; in 
treatment of acne, 145; in treatment of 
colon bacillus infection, 147; in treat- 
ment of gonococcus infections, 146; in 
treatment of infections of various kinds, 
147; in treatment of pneumococcus in- 
fections, 146; in treatment of staphylo- 
coccus infections, 145; in treatment of 
streptococcus infections, 140; in treat- 
ment of typhoid fever, 143. 

Immunization with virulent virus, 139. 

Incandescent light, as source of radiant 
energy, 440. 

Independent irritability of muscle 
cells, 372. 

Induced current of electricity, character- 
istics of, 37-1; as an electromechanical 
method, 389. 

Induration of tissues, mechanical effects 
of electrotherapeutics in, 395. 

Infected tissues, effect of radiant light 
and heat upon, 446; electrotherapeutics 
applied to, 398. 

Infection, intestinal, radiant light and 
heat, in treatment of, 453. 

Infection of the extremities, electro- 
therapeutics for relief of, 406. 

Infections, localized, radiant light and 
heat in treatment of, 449; thermic effects 
of electricity upon, 393. 

Infections, simple inflammatory, radi- 
ant liirht and heat in treatment of, 455. 
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Infectious type of inflammation, radi- 
ant heat and light m treatment of, 448. 

Inflammation arising from toxemia, ra- 
diant light and heat in treatment of, 
454. 

Inflammation not associated with in- 
fection or toxemia, radiant light and 
heat in treatment of, 455. 

Inflammation, simple, electrotherapeutics 
for relief of, 409; indications for elec- 
tricity in, 411; origin of, 409; reflex mus- 
cular spasm associated with, 412; rules 
for treatment of, 412. 

Inflammation, tuberculous, thermic ef- 
fects of electricity in, 393. 

Inflammatory conditions not due to in- 
fection, thermic effects of electricity in, 
393. 

Influenza, hydrotherapy for relief of, 215; 
vaccine treatment for, 147. 

Inorganic gases, poisoning by, 727. 

Inorganic substances, as a foodstuff, 604. 

Insolation, climatic relations of, 272; de- 
termination of, 248. 

Insomnia, hydrotherapy for relief of, 223. 

Intensity, as a factor in an X-ray treat- 
ment, 501. 

Intercostal neuralgia, massage and 
gymnastic exercises in treatment of, 310. 

Interrupters, 368. 

Intestinal paresis, use of extract from 
posterior lobe of hypophyseal gland for 
relief of, 109. 

Intestines, changes in, during hypnosis, 
578. 

Intoxication, hydrotherapy for relief of, 
228. 

Intrapelvic neuritis, electrotherapeutics 
for relief of, 416. 

Invalid broths, 651. 

Invalid’s dietary, 649; arrowroot, 653; 
barley water, 649; beef juice, 651; beef 
pulp, 651; beef tea, 650; boiled rice, 653; 
bread pudding, 655; caudle, 653; chicken 
broth, 650; chicken jelly, 650; cocoa, 
655; cocoa junket, 654; cocoa with milk, 
655; coffee, 656; custard, baked, 655; 
custard, soft, 654; egg-albumin water, 
652; egg-flip, 652; egg-nog, 652; invalid 
broths, 651; junket, 654; lemonade, 656; 
oatmeal gruel, 649; orangeade, 656; 
rennet custard, 654; rice pudding, 653; 
rice and egg pudding, 653; savory cus- 


tard, 652; toast water, 650; vanilla ice 
cream, 655. 

Iodin, presence of, in thyroid gland, 78; 
relation of, to physiological activity of 
the thyroid, 79. 

Iodothyrin, 82. 

Ionic concentration, as basis of stand- 
ardization in pharmacology, 11. 

Ionization, process of, 396. 

Irish-Roman baths, use of, in hydrotherapy, 

201 . 

Iron waters, action of, 236; classification of, 
233. 

Itching erythemas, radiant light and heat 
in treatment of, 459. 

Jenner, discovery of vaccination by, 125. 

Joint movements, use of, in massage, 292. 

Joints, diseases of, use of hydrotherapy 
in, 226; use of thyroid gland in, 76. 

Joints, simple inflammation of, electro- 
therapeutics for relief of, 412. 

Joints, toxic inflammation of, electro- 
therapeutics for relief of, 408; radiant 
light and heat in treatment of, 455. 

Junket, as article of invalid dietary, 654. 

Kellogg, rules given by, for abdominal 
massage, 323. 

Keloids, radium in treatment of, 481; 
X-ray therapy for relief of, 540. 

Kerion of the scalp, X-ray therapy for 
relief of, 537. 

Kidney, floating, mechanical vibration 
in treatment of, 358. 

Kidney, tuberculosis of. See Tubercu- 
losis. 

Kidneys, disorders of, hydrotherapy for 
relief of, 209; influence of climate upon, 
283. 

Kidneys, effects of X-rays upon, 523. 

Kienbock and Adamson, modification by, 
of system of X-ray therapy for relief of 
tinea and favus, 536. 

Klenbock’s quantimeter, for measuring 
intensity of X-ray, 503. 

Kneading, use of, massage, 290. 

Koch, introduction of tuberculin by, 126. 

Kolle, vaccination by means of cultures 
killed by heat or antiseptics introduced 
by, 126. 

Kromaier lamps, as source of radiant 
energy, 441. 
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Lafontaine, as pioneer in hypnotism, 566. 

Land, climatic relations of, 249. 

Landm ann’s tuber.cui.ole, 151. 

Laryngitis, electrotherapeutics for relief 
of, 409; tuberculous, influence of cli- 
mate in treatment of, 281 

“Latent period” in an X-ray treatment, 
504, 515. 

Lawson, Dr. Arnold, investigations by, on 
value of radium therapy in ophthal- 
mology, 483, 484. 

Lead, fatal dose of, 70S; occurrence of, 705; 
poisoning by, 705; poisonous action of, 
706; poisonous dose of, 706; post-mor- 
tem findings of, 70S; symptoms of, 706; 
treatment of, 708. 

Lemonade, as article of invalid dietary, 656. 

Leukemia, X-ray therapy for relief of, 
549; technique of, 553. 

Leukocyte extract, produetion of passive 
natural immunity by, 173. 

Lichen planus, treatment of, by X-ray, 
532. 

Ligation of limb, in treatment of poisoning, 
675. 

Light bath cabinets, use of, in light therapy, 
442. 

Light therapy, 432; antagonism between 
radiant light and heat and the Roent- 
gen rays, 447; apparatus employed in 
light therapy, 441; conditions benefited 
by radiant light and heat, 448; indica- 
tions for use of radiant energy in thera- 
peutics, 448; physical properties of radi- 
ant energy, 332; physiological effects of 
light therapy, 444; post-operative uses 
of radiant light and heat, 457; radiant 
light and heat in dermatology, 458; 
radiant, light and heat in phlebitis, 458; 
sources of radiant energy in, 438; thera- 
peutic uses of radiant light and heat, 
448. 

Ling, Peter, medical gymnastics intro- 
duced by, 29S. 

Lipoids, 19. 

Liver, action of radium upon, 470; effects of 
X-ray upon, 523. 

Living matter, constitution of, 3. 

Local nerve stimulation, effect of, 372. 

Localized baths, use of, in hydrotherapy, 
200 

Lowenfeld, method of hypnotization sug- 
gested by, 570. 


Lung, edema of, hydrotherapy applied for 
relief of, 205. 

Lung, hyperemia of, hydrotherapy ap- 
plied to, 205. 

Lungs, changes in, during hypnosis, 578; 
effect of hot baths upon, 192. 

Lungs, tuberculosis of. See Tubercu- 
losis of lungs. 

Lupus erythematosus, therapeutic use of 
radium for, 477; X-ray therapy for re- 
lief of, 539. 

Lupus vulgaris, radium in treatment of, 
478; X-ray therapy for relief of, 538. 

Lymph glands, effects of X-rays upon, 522. 

, Lymphatic and blood diseases, value of 
j X-ray therapy in treatment of, 548. 

Lymphatic enlargement, X-ray therapy 
for relief of, 555. 

Lymphosarcoma, X-ray therapy for relief 
of, 554. 

Lyophilic colloids, 6. 

LYOPiroHrc colloids, G. 

Lyhinh, action of, 131. 

Maciie unit, 467. 

Malaria, hydrotherapy for relief of, 220. 

Malignant changes in skin, following 
X-ray treatment, 520. 

Malignant disease, immune therapy and, 
175; value of radium therapy in, 484. 

Malignant disease of the skin, value of 
X-ray therapy in treatment of, 591. 

Malta fever, vaeeino treatment in, 147. 

Mammary gland in organotherapy, 
116. 

Mania, hydrotherapy for relief of, 226. 

Manufactured articles, occurrence of 
arsenic in, GS0. 

Maragliano’s antituberculosis serum, 168, 

Marine searchlight, use of, in light 
therapy, 441. 

Marmorek’s antituberculosis serum, 168. 

Massage, 287; abdominal, 323; contraindi- 
cations to use of, 322; friction as means 
of, 289; history of, 2S7; joint move- 
ments as means of, 292; kneading as 
means of, 290; percussion as means of, 
292; physiological effects of, 294; requi- 
sites to success of, 288; stroking move- 
ments in, 289; technique of, 288; vibra- 
tion movements in, 291. 

Massage, movements in, 289: friction, 289; 
joint movements, 292; kneading, 290; 
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percussion, 292; stroking, 289; vibra- 
tion, 291. 

Massage, physiological effects of, 294; on 
abdominal viscera, 297; on the blood, 
294; on the circulatory apparatus, 294; 
on the muscular system, 298; on the 
nervous system, 296; on the respiratory 
apparatus, 296; on the skeletal system, 
298. 

Massage, vibratory, 353; indications for, 
356. 

Massage and gymnastics in pathological 
conditions, 301; in diseases of circula- 
tion, 302 ; in diseases of the nervous sys- 
tem, 308, in diseases of the respiratory 
system, 304; in gastrointestinal disor- 
ders, 322; in metabolic disorders, 325; 
in sprains, fractures, and post-operative 
treatment, 328. 

“Massive-dose” method, for administra- 
tion of an X-ray treatment, 504. 

Mastoiditis, radiant heat and light in 
. treatment of, 451. 

Measles, hydrotherapy for relief of, 215. 

Meat poisoning, antitoxin of, 161. 

Meats, cooking of, 626. 

Meats, digestibility of, 630; influence of 
fat-content upon, 6, 27. 

Mechanical percussion, use of, in mechano- 
therapy, 353; apparatus for administer- 
ing, 354; indications for, 356. 

Mechanotherapy, 331; active movements in, 
335; active apparatus employed in, 335; 
conditions benefited by, 348; difference 
between gymnastic work and, 350; me- 
chanical percussion in, 353; object of, 
331; passive movements in, 345; prin- 
ciples of, 331; suspension in, 359; ther- 
apeutic uses of apparatus in, 348; Zan- 
der system of, 333. 

Medical climatology, 259. 

Membranes surrounding cells, 55; cellu- 
lar, 53, 55; osmotic, 53; precipitation, 
54; theories of, 56. 

Memory, utilization' of the increased power 
of, due to hypnosis, 581. 

Menopause, disturbances of, adminis- 
tration of the ovary for relief of, 114. 

Menorrhagia, hydrotherapy for relief of, 

211 . 

Menstruation, disorders of, extract of 
the ovary for relief of, 114; extract of the 
thyroid for relief of, 76. 
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Mercuri«.lism, chronic, hydrotherapy for 
relief of, 228. 

Mercury, external application of, 699; 
fatal dose of, 699; fatal period in poison- 
ing by, 699, occurrence of, 696; poison- 
ing by, 696; poisonous action of, 697; 
post-mortem changes in poisoning by, 
700; properties of, 697; treatment of 
poisoning by, 698. 

Mercury vapor lamps, as source of radiant 
energy, 440. 

Mesmer, as pioneer in hypnotism, 566. 

Metabolism, effects of boracic acid upon, 
717; effects of epinephrin upon, 93; 
effects of radiant energy upon, 445; in- 
fluence of age upon, 609; massage and 
gymnastics in treatment of disorders of, 
325 ; radiant light and heat in treatment 
of, when impaired, 445. 

Metchnikoff’s theory of immunity, 128. 

Meteorological climatology, 247. 

Metritis, chronic, hydrotherapy for re- 
lief of, 211 

Meyer-Ruppel antistreptococcus serum, 163. 

Micrococcus catarrhalis infection, vac- 
cine treatment in, 147. 

Migraine, administration of thyroid gland 
for relief of, 76. 

Mikulicz’s disease, X-ray therapy for re- 
lief of, 555. 

Milk, digestibility of, 633; idiosyncrasy to, 
633. 

Mills, investigations by, on action of ra- 
dium upon the liver, 470. 

Mineral acids, poisoning by, 727. 

Mineral poisons, 677, 678: ammonia, 749; 
antimony, 692; arsenic, 678; bismuth 
subnitrate, 725; borax and boric acid, 
714; bromin, 737; carbon monoxid; 739; 
caustic alkalies, 747; caustic potash, 748; 
caustic soda, 748; chlorin, 737; copper, 
701; hydrochloric acid, 736; hydro- 
cyanic acid, 741 ; hydrogen sulphid, 
738; inorganic gases, 727; lead, 705; 
mercury, 696; mineral acids, 727; nitric 
acid, 734; nitrites, 736; nitrous acid, 736; 
potassium chlorate, 724; silver, 712; sul- 
phuric acid, 728; sulphurous acid and 
the sulphites, 730; tin, 705; varieties of, 
677; zinc, 711. 

Mineral waters, action of, 235; classification 
of, 232; composition of, 231; presence 
of radioactivity in, 472; principles of, 
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229; resultant action of, 236; tempera- 
ture of, 231 

Minin, Prof., minin light for use in light 
therapy devised by, 442. 

Minin light, use of, in light therapy, 442. 

Mitchell, S. Weir, advocacy of massage 
by, 287. 

Modalities, from static machine, 374. 

Morphinism, chronic, hydrotherapy for 
relief of, 22S 

Moser’s scarlatinal serum, 164. 

Motor disturbances, as symptoms of 
poison, 672. 

Motor dynamo, 369. 

Motor sphere, changes in, during hyp- 
nosis, 577. 

Mountain sickness, physiology of, 270, 
272 

Multivalent vaccines, 140. 

Muscle cells, independent irritability of, 
372. 

Muscles, effect of cold baths upon, 190; 
effect of hot. baths upon, 192; elect ro- 
therapouties for relief of reflex spasm of, 
412. 

Muscular response, to electrical ner- 
vous IRRITATION, 371. 

Muscular rheumatism, hydrotherapy for 
relief of, 209. 

Muscular system, effect of massage upon, 
298. 

Muscular work, influence of, on food re- 
quirement,, 610. 

Mycosis funqoides, X-ray therapy for re- 
lief of, 540. 

Myelitis, acute, hydrotherapy for relief of, 
223; chronic, hydrotherapy for relief of, 
224; traumatic, electrotherapeutics for 
relief of, 429. 

Myomata of the uterus, X-ray therapy 
for relief of, 559. 

Xaavi, radium in treatment of, 479. 

Nauheim baths, use of, in gynecological af- 
fections, 211. 

“Negative phase,” 138. 

Nephritis, acute, hydrotherapy for relief 
of, 209; chronic, hydrotherapy for relief 
of, 210; electrotherapeutics for relief of, 
424; parenchymatous, radiant light and 
heat for relief of, 455. 

Neptune girdle bath, use of, in hydrother- 
apy, 198. 


Nerve stimulation, local, effects of, 372. 

Nervous conditions, value of X-ray 
therapy in, 558. 

Nervous disorders, functional, mech- 
anotherapy for relief of, 352; vibratory 
massage for relief of, 358, 

Nervous system, effect of X-rays upon 
52S; influence of exercise upon, 333. 

Nervous system, diseases of, effect of 
massage upon, 296; hydrotherapy for 
relief of, 221; influence of climate upon, 
283; massage and gymnastics for relief 
of, 308. 

Neuralgia, brachial, 310; hydrotherapy 
for relief of, 224; intercostal, 310; occip- 
ital, 310; sciatic, 311; thyroid gland for 
relief of, 76; X-ray therapy for relief of, 
558. 

Neuralgias, massage and gymnastics in 
treatment of, 310. 

Neurasthenia, hydrotherapy for relief of, 
224; massage and gymnastics in treat- 
ment of, 320. 

Niouritidem, as local expression of consti- 
tutional disease, 310. 

Neuritis, brachial form of, 416; effects of 
electrical stimulation in, 372; electro- 
therapy for relief of, 414; herpes zoster, 
417; hydrotherapy for relief of, 225; 
sciatic form of, 416; situated over cra- 
nium, 417; tic douloureux, 417; X-ray 
therapy for relief of, 558. 

Neurosis, functional, electrotherapeu- 
tics for relief of, 431. 

“Neurovascular training,” 224. 

Nicotin, occurrence of, 765; poisoning by, 
765; poisonous dose of, 766; poisonous 
properties of, 766; properties of, 766; 
treatment of, 767. 

Nicotinism, chronic, hydrotherapy for re- 
lief of, 22S. 

Nitric acid, poisoning by, 734; treatment 
of, 736. 

Nitrites, poisoning by, 730. 

Nitrous acid, poisoning by, 736. 

Non-electrolytes, 7; comparative ac- 
tivity of, in living cells, 55; compara- 
tively slight effects of, on gelatin and 
fibrin in acid solution, 31, 33; definition 
of, 7; relation between electricity and, 
7; relation between the laws of osmotic 
pressure and, 54. 

Normal serum, therapeutic use of, 171; in 
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alimentation, 173; in hemorrhagic con- 
ditions, 172; in suppurative processes, 
171; in toxemias of pregnancy, 172. 

Normal solutions, as basis of standardiza- 
tion in pharmacology, 11. 

Normal tissue, difference in suscepti- 
bility of, to roentgenization, 513. 

Nutrition and dietetics, 603: artificial 
feeding, 640, effects of overfeeding, 
639; effects of starvation, 638; foods, 
604; invalid’s dietary, 649; a purin-free 
diet, 648; a salt-poor diet, 644; proprie- 
tary foods, 656. 

Oatmeal gruel, as article of invalid 
dietary, 649. 

Obesity, hydrotherapy applied to relief of, 
207: massage and gymnastics in treat- 
ment of, 325; mechanotherapy for re- 
lief of, 348. 

Occipital bath, use of, in hydrotherapy, 200. 

Occipital neuralgias, massage and gym- 
nastics in treatment of, 310. 

Occupation, therapeutic use of, in psycho- 
therapy, 600. 

Occupation neuroses, hydropathy for re- 
lief of, 225; massage and gymnastics in 
treatment of, 313. 

O’Dwyer treatment of thermic fever, 
229. 

Ohm’s Law, explanation of, 364. 

Oertel exercises, 304. 

Ophthalmology, value of radium therapy 
in treatment of, 483. 

Opsonic index, method of estimating, de- 
veloped by Wright, 140. 

Opsonins, nature of, 131. 

Orangeade, as article of invalid diet, 656. 

Orchitis, hydrotherapy for the relief of, 
212 

Organotherapeutics, 66; classification of, 
69; definition of, 66; use of the hy- 
pophysis in, 107; introduction to. ,66; 
limitations of, 67; use of the mam- 
mary gland in, 110; use of the pancreas 
in, 110; use of the parathyroids in, 84; 
principles .mderLying successful use of, 
67; use of sex glands in, 113; use of 
suprarenal glands in, 88; use of thymus 
gland in, 117; use of thyroid gland in, 70. 

Osmotic cells, 54. 

Osmotic membranes, 55. 

Osmotic pressure, laws of, 54. 

52 a 


Osteomalacia, administration of opineph- 
i in in, 96. 

Otitis media, acute, radiant heat and light 
in treatment of, 450; chronic, radiant 
heat and light in treatment of, 451. 

Oudin, Dr., investigations by, on value of 
radium therapy in gynecology, 483. 

Ovaries, influence of X-ray therapy upon, 
559; technique for application of X-ray 
to, 560. 

Ovaritis, electrotherapeutics for relief of, 
419. 

I Ovary in organotherapy, 114; disorders of 
| menstruation relieved by, 114; disturb- 
ances of the menopause relieved by, 
114; preparations of, 110. 

Overfeeding, effects of, 639. 

Oxygen, inhalations of, as a remedy for 
poisons causing heart failure, 676. 


Pachymeningitis, electrotherapeutics for 
relief of, 429. 

Pack, cold, 197; hot blanket, 197; ice, 201; 
wet, 197. 

Pancoast, on technique of X-ray therapy 
in leukemia, 552. 

Pancreas in organotherapy, 110; adminis- 
tration of preparations of, by the mouth, 
110; subcutaneous and intravenous in- 
jections of preparations of. 111; trans- 
plantation of, 112. 

Papillomata, radiotherapy in, 481. 

Paralysis, hydrotherapy for relief of, 225. 

Paralysis, arsenical, 685; hydrotherapy 
for relief of, 228. 

Paralysis agitans, administration of para- 
thyroid glands for relief of, 87. 

Parasitic diseases of the skin, radium 
therapy for relief of, 477; X-ray treat- 
ment in, 477. 

Parathyroid glands in organotherapeutics, 
86; effects of deficiency of secretion 
from, 84; effects of removal of, mis- 
taken for effects of removal of thyroid, 
70, 71; experimental use of, 85; functions 
of, 84; method of administration of, 87 ; 
therapeutic use of, 85. 

Pasteur, work on immunization by, 125. 

Pathological tissues, different suscepti- 
bility of, to roentgenization, 514. 

Patient, awakening of, from hypnotic sleep. 
See Dehypnotization. 
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Pavlov, work done by, in digestion, 629, 
630. 

Pelvic cellulitis, electrotherapeutics for 
relief of, 406. 

Pelvic congestion, radiant light and heat 
in treatment of, 453. 

Pelvic inflammation, electrotherapeutics 
for relief of, 41S. 

Penetration, as a factor in X-ray therapy, 
49S, increase of, in deep therapy, 510; 
measurement of, 500; as property of 
radiant energy, 433. 

Percussion, use of, in massage, 292. 

Pericarditis, electrotherapy for relief of, 
409; hydrotherapy for relief of, 204. 

Periodicity, explanation of term in elec- 
trotherapeutics, 364, 365. 

Peritonitis, administration of epinephrin 
for relief of, 98; administration of ex- 
tract from posterior lobe of the hy- 
pophysis for, 109. 

Peritonitis, general diffuse, hydro- 
therapy for relief of, 214. 

Peritonitis, tuberculosis, electricity con- 
joined with X-ray in treatment of, 403; 
radiant light and heat in treatment of, 
452. 

Perlsucht tuberculin, 151. 

Personal idiosyncrasy, theory of, as 
explanation of injury from X-ray 
therapy, 517. 

Peiithez, early work on X-ray filter by, 
508. 

Peaiiler, early work by, on X-ray filter, 
508; statistics collected by, on results of 
X-ray therapy in exophthalmic goiter, 
556. 

Pflueger-Arndt law, 308, 

Pharmacology, standard solutions and 
comparative methods in, 9. 

Pharyngitis, electrotherapeutics for re- 
lief of, 409. 

Phlebitis, treatment of, by radiant light 
and heat, 458. 

Physiological and medical climatology, 259; 
dust aiul atmospheric impurities as a. 
factor in, 274; physiological influence of 
atmospheric humidity in, 263; physiolog- 
ical influence of diminished barometric 
pressure in, 268; physiological reaction 
to external temperature in, 260; psychol- 
ogy of, 275; ventilation and, 265. 

Physiological effects of light therapy, 


444, antiseptic, 446; upon infection in 
the tissues, 446; local, 445; upon me- 
tabolism, 445 

Physiological influence of atmospheric 
humidity, 263. 

Physiological reaction to external 
temperature, 260. 

Pitchblende, as a source of radium, 461- 
workers in, affected by, 472. ’ 

Pituitary body See Hypophysis. 

Pituitrin, 107. 

Plague, prophylactic inoculation against 
142. 

Pleurisy, hydrotherapy for relief of, 205; 
mechanotherapy for relief of, 350. 

Plumbism, ciiRONrc, hydrotherapy for re- 
lief of, 228. 

Plunge bath, cold, 199. 

Pneumococcus infections, vaccine treat- 
ment in, 146. 

Pneumonia, lobar, climate as an influence 
upon, 281; hydrotherapy for relief of, 
221; mechanotherapy during conval- 
escence from, 350. 

Pneumonia, unresolved, X-ray therapy 
for relief of, 557. 

Podagra, hydrotherapy for relief of, 208. 

Poisons, action of, 066; animal, 678; bac- 
terial, 678; classification of, 077; defini- 
tion of term, 666; diagnosis of, 673; dis- 
position of, by animal body, 670; min- 
oral, 677, 678; symptomatology of, 671; 
synthetic, 678; treatment of, in general, 
674; variations in effects of, 069; vege- 
table, 678, 750. 

Poisons, conditions influencing the ef- 
fects of, 669; avenue of administration 
670; condition of recipient, 670; physical 
state of the poison, 669; size of the dose, 
609. 

Poliomyelitis, electrotherapy for relief of, 
430. 

Pollantin, 160. 

Polonium, discovery of, 460. 

Polycythemia, X-ray therapy for relief of, 
555. 

Polyvalent vaccines, 140. 

Post-hypnotic suggestion, 578. 

Post-operative treatment, massage and 

gymnastics in, 32S. 

Post-operative uses of radiant light and 
heat, 457. 

Potassium chlorate, poisoning by, 724. 
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Precipitation membranes, 54. 

Precipitins, nature of, 131. 

Pressure, properties of, in hydrotherapy, 
193. 

Prodigiosus toxins in treatment of tumors, 
174. 

Prophylactic irradiation, in X-ray therapy 
following excision for deep cancer, 545. 

Proprietary poods, 656; composition of, 
657; economic aspects of, 663. 

Prostatic enlargement, X-ray therapy 
for relief of, 556. 

Prostatitis, electrotherapeutics for relief 
of, 421; hydrotherapy for relief of, 211. 

Prostatitis, gonorrheal, electrotherapeu- 
tics for relief of, 407. 

Prostatitis, tuberculous, treatment of, 
by electricity conjoined with X-ray, 402. 

Protection, necessity for, in deep X-ray 
therapy, 510. 

Protein, subcutaneous administration of, 
644. 

Protein requirement, 612; method of 
reckoning, for a diet of definite energy 
value, 613; variations in, 613. 

Proteins, as antidote to corrosive poisons, 
675; injurious effects of excess of, in 
diet, 614; sources of, 604; value of, as a 
food, 604. 

Pruritus, radium in treatment of, 475; 
X-ray therapy for relief of, 558. 

Pseudolbukemia, X-ray therapy for relief 
of, 554. 

Psoriasis, radiant light and heat in treat- 
ment of, 458; radium in treatment of, 
475; X-ray in treatment of, 531. 

Psychoanalysis, 587; psychological mechan- 
isms employed in, 587; technique of, 592. 

Psychological mechanisms, use of, in psy- 
chotherapy, 587; complexes, 589; dream 
mechanism, 590; repression, 588. 

Psychology or climate, 275. 

Psychotherapy, 562: application of hypno- 
sis, 582; awakening of hypnotized 
patient, 572; choice of a method, 598; 
complexes, 589; danger of hypnosis, 582; 
dream mechanism, 590; Dubois's method 
of reeducation, 583; Freud's psycho- 
analysis, 587; historical remarks, 562, 
565; hypnotic sleep without suggestion, 
580; hypnotic suggestive therapy, 580; 
hypnotism, 565; normal hypnosis, 573; 
occupation as a secondary agent, 600; 
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post-hypnotic suggestion, 578; psycho- 
logical mechanisms, 587; reeducation, 
583; repression, 588; secondary agents, 
600; simple suggestion in the conscious 
state, 563; suggestion therapy, 563; 
technique of psychoanalysis, 592; utiliza- 
tion of hypnotism in medicine, 579; 
utilization of the increased memory in 
hypnosis, 581. 

Psychrometer, 252. 

Pulmonary hemorrhage, epinephrin for 
relief of, 99; extract of hypophysis for 
relief of, 109. 

Pulmonary tuberculosis. See Tubercu- 
losis of the lungs. 

Pulsatory current, explanation of term 
in electrotherapeutics, 366. 

Pulsatory Oudin current, as an electro- 
mechanical method, 388. 

Pulse, influence of poisons upon, 672. 

PURIN-FREE DIET, 648. 

Pyelonephritis, electrotherapeutics for 
relief of, 405. 

Pyocyanase, therapeutic use of, 173. 

Pyogenic infection, electrotherapeutics 
for relief of, 403. 

Pyosalpinx, electrotherapeutics for relief 
of, 408. 

Radiant energy, artificial sources of, 439; 
indications for therapeutic use of, 448; 
natural sources of, 438; summary of 
effect produced by, 446. 

Radiant energy, physical properties 
of, 432: color, 436; effect on germ life, 
436; fluorescence, 436; frequencies, 432; 
penetration, 433; polarization, 436; pro- 
duction of hypeiemia, 438; reflection, 
434; refraction, 433; tanning of skin, 437. 

Radiation, in radium, 462; in X-rays, 497. 

Radiferous mud, 467. 

Radioactivity and radioactive substances, 
460. 

Radium, action of, on process of inflamma- 
tion, 469; Alpha rays of, 465; analgesic 
action of, 474; chemical action and 
physical properties of, 461; “cross 
method” of applying, 465; discovery of, 
460; dosage of the emanation of, 466; 
dosage of the radiation of, 465; emana- 
tion of, 463; Gamma rays of, 462, 465, 
487; histological changes induced by, 
468; injection of salts of, 467; ions of, 
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467; methods of applying, 463; position 
of, as a therapeutic agent, 491; prepa- 
ration of, 461, radiation of, 462, scar 
tissue following use of, 471; therapeutic 
action of, m dermatology, 473 ; therapeu- 
tic action of, m general, 471; therapeu- 
tic use of, in goiter, 482; therapeutic 
use of, in gout, rheumatism, and allied 
affections, 471, therapeutic use of, in 
gynecology, 482; therapeutic use of, in 
malignant disease, 484; therapeutic use i 
of, m ophthalmology, 483; use of, in J 
therapeutics, 468 J 

Radium ions, use of, 467 j 

Radium salts, use of, by subsutaneous in- 
jection, 467. : 

Radium therapy, 460; chemical and physi- | 

cal properties of radium, 461, discovery j 

of radium, 460; histological changes in- 
duced by radium, in the tissues, 468; 
value of, in dermatology, 473; value of, 
in gout, rheumatism, and allied affec- 
tions, 471; value of, in goiter, 482; value 
of, in gynecology, 4S2; value of, in 
malignant disease, 484; value of, in 
ophthalmology, 483- 

Rain, hygienic importance of, 262. 

Rations, standard, table of, 617. 

Reciprocal, relationship between se- 
creting organs, 39. 

Rectal feeding, 640. 

Red blood corpuscles, increase of, at high 
altitudes, 271. 

Re-education therapy, 583; in ataxia, 316; 
m other conditions, 320; method of Du- 
bois, 583; method of Freud, 5S7. 

Re-educational gymnastic movements, use 
of, m ataxia, 316; contraindications to, 
320; other conditions benefited by, 320. 

Reflection, as property of radiant energy, 
434. 

Refraction, as property of radiant energy, 
433. 

Renal diseases, balneology for relief of, 
241. 

Rennet custard, as article of invalid diet- 
ary, 654. 

Repression, as a psychological mechanism, 
588. 

Resistance, explanation of term in electro- 
therapeutics, 365. 

“Resistance powers” of the body, 279. 
Resonator, 369. 


Respiration, influence of poisons upon, 
672. 

Respiratory apparatus, effect of massage 
upon, 296. 

Respiratory exercises, 306; method of 
using, 304 

Respiratory system, diseases of, climate 
in treatment of, 281; hydrotherapy for 
relief of, 204, massage and gymnastics 
for relief of, 304, Spa treatment for, 239; 
X-ray therapy for relief of, 557. 

Rheumatism, massage and gymnastic exer- 
cises in treatment of, 326, Spa treat- 
ment for relief of, 241; therapeutic use 
of radium m, 471 ; thyroid gland for relief 
of, 76. 

Rheumatism, muscular. See Muscular 
rheumatism. 

Rheumatoid arthritis, electrotherapeutics 
for relief of, 44; hydrotherapy for relief 
of, 226. 

Rheumatoid diseases, application of cli- 
mate m treatment of, 281. 

Rhinophyma, radiotherapy m, 476 

Rice and egg pudding, as article of invalid 
dietary, 653 

Rice pudding, as article of invalid dietary, 
653. 

Rodent ulcer, radium in the treatment of, 
484. 

Roentgen carcinoma, 520. 

“Roentgen exanthem, ” 518. 

Roentgen ray, antagonism of radiant light 
and heat to, 447; therapeutic use of, in 
conjunction with electricity, 399. See 
also X-ray. 

Rosenbach’s tuberculin, 151. 

Russian bath, use of, in hydrotherapy, 201. 

Raboureaud, system of X-ray therapy de- 
veloped by, for relief of tinea and favus, 
535. 

Raboureaud and Noire chromoradiome- 
ter, for measuring intensity of the 
X-ray, 502. 

Sacroiliac disease, electrotherapeutics for 
relief of, 413. 

Saline diuretics, physiological action of, 43 

Salpingitis, electrotherapeutics for relief 
of, 407; hydrotherapy for relief of, 211, 

Salpinx-uterine-ovarian disease, hydro- 
therapy for relief of, 211. 

dai.t-poor diet, 644. 
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Salt waters, common, action of, 235; classi- 
fication of, 232. 

Salts, uses of, as foods, 606. 

Sarcomata, action of radium upon, 470; 
value of radium therapy for, 489; value 
of X-ray therapy for, 547. 

Sargent system, for cultivation of certain 
groups of muscles, 334. 

Savory custard, as article of invalid diet, 
652. 

Sayre, suspension apparatus devised by, 
359. 

Scarlatina, hydrotherapy for relief of, 216. 

Scar tissue, electrolysis in treatment of, 
397; radium in treatment of, 481. 

Schmidt, M., discovery of radium by, 460. 

Schott gymnastic exercises, 302. 

Sciatica, electrotherapeutics for relief of, 
416; massage and gymnastics for relief 
of, 311. 

Scrofuloderma, X-ray therapy for relief of, 
539. 

Sea-bathing, use of, in light therapy, 439. 

“Second therapy,” use of, in an X-ray 
treatment, 505. 

Secondary agents in psychotherapy, 600. 

Secondary elaboration, as a part of dream 
mechanism in psychotherapy, 591. 

Secretion, changes in, due to hypnosis, 
578. 

Selective action, in radium, 468; in X-ray, 
506, 513; of X-ray upon cancer cells, 541. 

Senile keratosis, radiotherapy in, 481. 

Sensation abnormalities, as result of 
poison, 672. 

Sensitized vaccines, 152. 

“Sensitized virus,” 138. 

Sera, method of administration of, 176. 

Serovaccination, 152. 

Serum anaphylaxis, definition of, 132; 
occurrence of, after intraspinal injec- 
tions, 136; other forms of, in man, 137; 
production of, 133. 

“Serum antivenimeux,” 160. 

Serum disease, 133; treatment of, 136. 

Serum hypersusceptibility, 132. 

Serum therapy, 153;. antitoxic sera in, 154; 
autoserotherapy in, 170; bactericidal 
sera in, 161; diseases benefited by, 154; 
nature of, 153; normal serum in, 171; 
results of, 178; types of immune sera 
employed in, 168. 

Sex glands in organotherapy, 113; dos- 


age of, 115; experimental work on ther- 
apeutics of, 113, preparations of, 115; 
reciprocal relation between other organs 
and, 114; relation between the hypoph- 
ysis and, 102, 108; therapeutic use of, 
114; use of corpus luteum, 115; use of 
ovary, 114; use of testicle, 115. 

Sexual organs, effects of X-rays upon, 525. 

Sheet bath, use of, in hydrotherapy, 195. 

Side-chain theory, 128. 

Silver, poisoning by, 712. 

Sinusoidal current, determining characteris- 
tics of, 375; use of, as electromechanical 
method, 388. 

Sitz bath, use of, in hydrotherapy, 200. 

Size, influence of, on food requirement, 
609. 

Skeletal system, effect of massage upon, 
298. 

Skin, effect of cold upon, 189; effect of heat 
upon, 192; effect of radiant energy upon, 
437; effect of X-rays upon, 518, 521. 

Skin, disturbances of, administration of 
thyroid gland for relief of, 76; influence 
of climate upon, 282. 

Skin disease, arising in hair follicles, X-ray 
therapy for relief of, 534; due to fungi, 
X-ray therapy for relief of, 530; when 
originating in glandular elements, 
532. 

Skin lesions, as result of poison, 673. 

Smallpox, results of vaccine treatment in, 
178. 

Snake venom, antitoxin against, 159. 

Sodium sulphite, preservative action of, 
733. 

Soil, occurrence of arsenic in, 679; relation 
of, to climate, 256. 

Solarium sun bath, 439. 

Source of light, distance of, in an X-ray 
treatment, 506. 

Spa treatment: choice of Spa, 237; climate 
of Spa, 238; diseases, relieved, 239; 
indications for, 237; principles of, 230; 
the Spa itself, 240. 

Sparks, friction, 385; physical effects of, 
385; static, 383; use of, in electrothera- 
peutics, 383. 

Spasm, at external abdominal ring, electro- 
therapeutics for relief of, 421; at in- 
ternal abdominal ring, electrothera- 
peutics for relief of, 421; at sigmoid, 
electrotherapeutics for relief of, 421; of 
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sphincters, electrotherapeutics for relief 
of, 421. 

Spasmodic tic, hydrotherapy for relief of, 
226. 

Spastic paraplegia, electrotherapeutics 
for relief of, 430. 

Spasticity, massage and gymnastics in the 
treatment of, 315. 

Specific infectious diseases, hydro- 
therapy for relief of, 215. 

Speech, influence of poisons upon, 672. 

Sphygmomanometer, use of, in treatment of 
cardiovascular disease by electricity, 
425. 

Spinal cord, diseases of, electrotherapeu- 
tics for relief of, 42S. 

Spleen, effect of X-rays upon, 523. 

Splenic enlargement, X-ray therapy for 
relief of, 555. 

Splenic hypertrophy , electrotherapeutics 
for relief of, 423. 

Sponge bath, use of, in hydrotherapy, 106. 

Spotted fever, serum therapy in, 170. 

Sprains, electrotherapeutics in treatment 
of, 410; massage, and gymnastics for re- 
lief of, 328. 

Spring catarrh of the eye, radium ther- 
apy in treatment of, 4X3. 

Staphylococcus infection, electrothera- 
peutics for relief of, 390; radiant light 
and heat in treatment of, 449; serum 
therapy in, 166; vaccine treatment for, 
145. 

Starvation, effects of, 638; complete, 
638; partial, 630. 

Static brush discharge, as an electro- 
mechanical method, 386. 

Static current, determining characteristics 
of, 374; in mechanical application of 
electricity, 377. 

Static induced current, use of, in electro- 
therapeutics, 382, 

Static machines, 367. 

Static spark, use of, in electrotherapeutics, 
383. 

Static spray, as an electi-oinechanicui 
method, 387. 

Static wave current in electrotherapeutics, 
379: duration of treatment, 382; elec- 
trodes, 381; grounding, 380; insulated 
platform, 381; rate of discharge, 380; 
size of terminal balls, 380; spark gap, 
380; speed control, 3S1, 


Status lymphaticus, relation between, and 
death following injection of diphtheria 
antitoxin, 134; relation between, and 
enlargement of the ovaries, 117; rela- 
tion between, and excessive activity of 
thymus gland, 118. 

Steam baths, use of, in hydrotherapy, 200. 

Stock vaccines, 140. 

Stomach, changes in, due to hypnosis, 578; 
dilatation of, hydrotherapy for relief of, 
214; length of time that food remains m, 
635; rupture of, due to use of stomach 
pump, 675; ulcer of, hydrotherapy for 
relief of, 215. 

Stomach, atony of, hydrotherapy for re- 
lief of, 214. 

Stomach tube, use of, after poison, 674. 

Streptococcus infection, electrothera- 
peutics for relief of, 390; radiant light 
and heat in treatment of, 449; vaccine 
therapy for, 146. 

Streptococcus toxins in treatment of 
tumors, 174. 

Stroking, use of, in massage, 289. 

Strychnin, diagnosis of poisoning by, 753; 
elimination of, 754; occurrence of, 750; 
poisoning by, 750; poisonous action of, 
751 ; poisonous dose's of, 752; post-mor- 
tem appearances in poisoning by, 754; 
t.ime for effect, s of, 752; treatment of 
poisoning by, 753. 

Subcutaneous injections, of nourishment, 
044; of salts of radium, 467. 

Subinvolution, electrotherapeutics for re- 
lief of, 419. 

Substance sensibilisatrice, 128. 

Substitution therapy, administration of thy- 
roid gland an instance of, 70. 

Sugar, subcutaneous administration of, 
644. 

Suggestion therapy, 563; autosuggestion in, 
564; definition of, 563; hypnotism as a 
means of, 564; post-hypnotic suggestion 
in, 578; simple suggestion as a means 
of, 563. 

Sulphites, pmservative action of, 733. 

Sulphur waters, action of, 236; classifica- 
tion of, 234. 

Sulphuric acid, poisoning by, 728; symp- 
toms of, 728; treatment of, 730. 

Sulphurous acid and the sulphites, 
poisoning by, 730: effects of sodium sul- 
phite on animals, 731; effects of the sul- 
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phite on stomach and digestion, 734; 
poisonous effects of the gas, 731; prop- 
erties and uses, .730. 

Sun, as source of radiant energy, 438. 

Supracapsulin. Sec Epinephrin. 

Suprarenal glands in organotherapy, 88; 
conditions benefited by use of, 96, 98, 99; 
conditions characterized by insufficiency 
of, 96; effects of administration of, 90; 
effects of disease in, 88; effects of ex- 
tirpation of, in animals, 89; experi- 
mental use of, 95; function of, 94; prepa- 
rations of, 100; untoward effects of, 100. 

Suprarenalin. See Epinephrin. 

Suprarenin. See Epinephrin. 

Surgery, cooperation between X-ray ther- 
apy and, 542, 545, 549. 

Suspension, use of, in mechanotherapy, 359. 

Suspension colloids, 6, 28. 

Sycosis simplex, X-ray therapy for relief 
of, 534. 

Sympathomimetic drugs, 69. 

Synovitis, electrotherapeutics for relief of, 
413. 

Synthetic poisons, 678. 

Syphilis, hydrotherapy for relief of, 216. 

Syringomyelia, X-ray therapy for relief of, 
558. 

Tabes dorsalis, electrotherapeutics for re- 
lief of, 429; hydrotherapy for relief of, 
225; massage and gymnastics in treat- 
ment of, 316. 

Table, of standard rations, 617; showing 
composition of food, 618. 

Tebean, 151. 

Temperature, external, as a climatic 
factor, 247; physiological reaction to, of 
human beings, 260; of places, 246; rela- 
tion of, to wind, 254. 

Temperature op the body, influence of 
poisons upon, 671; variations in, during 
hypnosis, 578, variations in, during resi- 
dence in opposite extremes of climate, 
261. 

Temperature op mineral waters, 231. 

Tendosynovitis, electrotherapeutics for re- 
lief of, 414. 

Tesla apparatus, 368. 

Testicle, disease op, hydrotherapy for re- 
lief of, 212. 

Testicles in organotherapy, 115. 

Tetanolysin, 158. 


Tetanospasmin, 158. 

Tetanus, hydrotherapy for relief of, 217. 

Tetanus antitoxin, 158; administration of, 
159; production of, 158; secretion of, 
158; standardization of, 159. 

Tetany, due to loss of parathyroid glands, 
84; treatment of, 85. 

Theobald Smith phenomenon, 132. 

Therapy, general, physicochemical princi- 
ples in, 1; absorption and secretion of 
dissolved substances, 45; colloids as 
constituents of living tissues, 4; crystal- 
loids as constituents of living tissues, 7; 
diffusion, 16; distribution, 18; effect of 
colloids upon crystalloids, 34; effect of 
external conditions upon the colloidal 
state, 28; equilibrium in living tissues, 
12; general constitution of living matter, 
3; inequalities in distribution due to in- 
equalities in absorption, 22; inequalities 
in distribution due to inequalities in 
solubility, 18; inequalities in distribu- 
tion due to interference from "mem- 
branes,” 24; inequalities in distribution 
due to specific cell differences, 24; os- 
mosis and the question of cellular mem- 
branes, 53; pharmacological importance 
of the theory of electrolytic dissociation, 
26; r61e of water in therapeutic proce- 
dures, 35; standard solutions and com- 
parative methods in pharmacology, 9; 
survey and application of principles, 35; 
water as a constituent of living tissues, 9. 

Thermal waters, simple, 232. 

Thermic effects of electricity, thera- 
peutic indications for, 393. 

Thermic fever, hydrotherapy for relief of, 
228. 

Thompson, report by, on reduction in mor- 
tality in typhoid fever treated with 
Brand baths, 219. 

Thymus glands in organotherapeutics, 117; 
conditions associated with disturbance 
of, 118; conditions benefited by the 
administration of, 118; functions of, 
117; therapeutic uses of, 118; X-ray 
therapy for enlargement of, 556. 

Thyradin, 82. 

Thyreopriva. See Cachexia strumipriva. 

Thyroid gland, X-ray therapy of enlarge- 
ment of, 555. 

Thyroid gland in. organotherapeutics, 70; 
administration of. an instance of Bub- 
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stitution therapy, 70; administration of, 
effects of, 72; amount of secretion stored 
in, 67; basis for therapeutic use of, 70; 
chemistry of, 78; conditions benefited by 
use of, 76; contraindications to use of, 
83; effects of deficiency of secretion of, 
in adults, 72; effects of deficiency of 
secretion of, in child, 71; functions of, 
70; hypersecretion of, 74; indications 
for use of, 74; methods of administra- 
tion of, 77; preparations of, 80; relation 
of, to growth and development, 71; 
removal of, followed by hypertro- 
phy of hypophysis, 103; stability of 
secretion from, 68; therapeutic uses of, 
74; untoward effects from use of, 83; 
X-ray therapy for relief of enlargement 
of, 656. 

Thyroidin-Mercfc, 81. 

Thyroidin-Notkin, 81. 

Tic douloureux, electrotherapeutics for 
relief of, 417. 

Tin, poisoning by, 705. 

Tinea, X-ray therapy for relief of, 535. 

Titus, Dr. E, C., ventilation of light bath 
suggested by, 443. 

Toast water, as article of invalid dietary, 
650. 

Tonsillitis, suppurative, electrotherapeu- 
tics for relief of, 405. 

Toxemias, hydrotherapy for relief of, 228; 
of pregnancy, serum treatment of, 172; 
of X-ray, 617. 

Toxic psychoses, massage in treatment of, 
322. 

Toxicology, 666; action of poisons, 666; 
animal poisons, 678; bacterial poisons, 
678; classification of poisons, 677; defi- 
nition of term poison, 666; diagnosis of 
poisoning, 673; disposition of poisons 
by animal body, 670; general treatment 
of poisoning, 674; introduction to toxi- 
cology 666; mineral poisons, 677, 678; 
symptomatology of poisons, 671; synthet- 
ic poisons, 678; vacations in effects of 
poisons, 669; vegetable poisons, 678, 750. 

Toxin concentration, importance of, 52. 

Trade winds, 254. 

Transfusion of blood, in treatment, of 
poisons, 676. 

Trichophytin, 152. 

Trophic effects, due to hypnosis, 578. 

Tropins. See Opsonins. 


I Tuberculin, 149; dose of, 152; immuniza- 
tion by means of, 149; introduction of, 
by Koch, 126; preparations of, 150; 
treatment of tuberculosis by, 149. 

Tuberculin purum, 151. 

Tuberculocidin, 151. 

Tuberculoplasmin, 151. 

Tuberculosis, administration of epineph- 
rinin, 96; of the bladder, treatment of, 
by electricity conjoined with X-ray, 402; 
influence of climate upon, 278; elec- 
trolysis combined with the X-ray for 
relief of, 400; internal, X-ray theiapy 
for relief of, 557; of the kidney, treat- 
ment of, by electricity conjoined with 
X-ray, 402; of the lungs, hydrotherapy 
for the relief of, 217; of the mucous 
membranes, X-ray therapy for relief of, 
539; of the skin, action of radium upon, 
469; value of X-ray treatment in, 537. 

Tuberculosis verrucosa cutis, X-ray 
therapy for relief of, 538. 

Tuberculous infections, electricity in 
treatment of, 399; radiant light and 
hetd. in treatment of, 449, 452. 

Tulase, 151. 

Tumors of the breast, benign, radium 
treatment in, 483. 

Tungsten lamp, as source of radiant 
energy, 440. 

Typhoid fever, hydrotherapy for relief of, 
219; prophylactic inoculation against, 
142; therapeutic inoculation for, 143. 

Uniformity, as a factor in an X-ray treat- 
ment, 566. 

Urea, effect of cold baths upon amount of, 
excreted in typhoid fever, 190. 

Uremia, hydrotherapy for relief of, 210. 

Urethral caruncles, electrotherapeutics 
for relief of, 420. 

Urethral disease, hydrotherapy for, 210. 

Urethral meatus, congestion of, in 
females, electrotherapeutics for relief 
of, 421. 

Urinary bladder, effects of epinephrin 
upon, 92. 

Urine, effect of cold baths upon amount 
and consistency of, 190; relation between 
amount of, and amount of water im- 
bibed, 40. 

Urticaria, radiant light and heat in the 
treatment of, 459. 
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Uterine hemorrhage, extract of posterior I 
lobe of the hypophysis for relief of, 109. | 

Uterus, effects of epinephrin upon, 92. | 

Vaccination, antityphoid, 142; treatment of 
typhoid by, 143. 

Vaccine and serum therapy, 125: active im- 
munization, 137; bacterial products, 
treatment with, 173; conclusions re- 
garding, 178; historical account of, 125; 
immune therapy and malignant dis- 
ease, 175; methods of administering sera 
and vaccines, 176; nature of immunity, 
129; passive immunization, 153; passive 
natural immunity, 171; serum therapy, 
153; theories of immunity, 127; vaccine 
therapy, 137. 

Vaccine therapy, 137; immunity conferred 
by, 140; introduction of, 139; in prophy- 
laxis of cholera, 141; in prophylaxis of 
dysentery, 142; in prophylaxis of plague, 
142; in prophylaxis of typhoid fever, 
142; technique of method in, 140; theory 
of method in, 139; in treatment of acne, 
145; in treatment of colon bacillus infec- 
tion, 147; in treatment of gonococcus 
infections, 146; in treatment of pneu- 
mococcus infections, 146; in treatment of 
staphylococcus, infections, 145; in treat- 
ment of streptococcus infections, 146; 
in treatment of typhoid fever, 143. 

Vaccines, method of administration of, 
176. 

Vacuum tube wave current, use of, in elec- 
trotherapeutics, 382. 

Vallee’s antituberculosis serum, 168. 

Vanilla ice cream, as article of invalid 
diet, 655. 

Varicose ulcers, radiant light and heat in 
treatment of, 459. 

Vasomotor disturbances, as symptom of 
poison, 671. 

Vasomotor effects, due to hypnosis, 578. 

Vasomotor failure, administration of 
epinephrin for relief of, 98. 

Vasomotor paralysis, administration of 
epinephrin for relief of, 98. 

Vegetable poisons, 678, 750: aconitin, 
768; atropin, 756; brucin, 755; cocain, 
767; colchicum, 762; coniin, 763; digi- 
talin, 761; gelsemin, 758; nicotin, 765; 
strychnin, 750; veratrin, 760. 

Vegetables, cooking of, 627. 
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Vegetation, influence of, upon climate, 
258. 

Venereal buboes, X-ray therapy for relief 
of, 548. 

Ventilation, hygienic and therapeutic value 
of, 265 

Veratrin, poisoning by, 760. 

Verchere, Dr., investigations by, on 
value of radium therapy in gynecology, 
483. 

Vesiculitis, electrotherapeutics for relief 
of, 407, 423 

Veterinary medicine, value of immuniza- 
tion in, 139. 

Vibration, use of, in massage, 291; use of, 
for occipital neuralgia, 310; use of, for 
relief of paralysis agitans, 320. 

Vibratory massage, 353; contraindications 
to, 357 ; indications for, 355. 

Virus, attenuated, immunization with, 129. 

Virus, virulent living, immunization with, 
139. 

Viscera, malignant diseabe of, radium in 
treatment of, 490. 

Visceral congestion, electrotherapeutics 
for relief of, 423. 

Vogt, fractional method of hypnotization 
advocated by, 571. 

Voltage, explanation of term, 364. 

Vomiting and purging, as symptom of 
poison, 671. 

Vomiting of pregnancy, administration of 
epinephrin in, 97. 

von Behring, discovery of diphtheria anti- 
toxin by, 127. 

von Ruck’s “watery extract of tubercle 
bacilli,” 151. 

von Ziemssen, graduated bath as given by, 
198. 

Wall plates, 369. 

Walter, tables prepared by, for estimating 
dosage of X-ray, 504. 

Walter’s penetrometer, 500. 

Warm full bath, use of, in hydrotherapeu- 
tics, 199. 

Warts, electrolysis in treatment of, 397. 

Wassermann and Kolle antimeningococcus 
serum, 162. 

Water, climatic relations of, 249; as, con- 
stituent of living matter, 9; as food, 
606; in hydrotherapy, 187; relation be- 
tween quantity of, in body and the 
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secretion of gastric juice, 630; relation 
of, to secretion, 9, 39; use of, in removal 
of toxins from body, 52; use of, as a 
solvent, 9; use of, as a therapeutic 
agent, 35. 

Watt, explanation of term, in electrothera- 
peutics, 365. 

Wehnelt’s and Benqist’s instruments, 
for measuring the penetrating power of 
the X-ray, 500. 

Weir Mitchell rest cure, mechanotherapy 
in connection with, 352; use of, in 
psychotherapy, 585. 

White blood corpuscles, increase of, at 
high altitudes, 271. 

Whitlows, electrotherapeutics for relief of, 
404. 

WnoopiNG-cough, vaccine treatment in, 
147. 

Wickham, Prof. Ijours, work done by, on 
radium, 4G1, 487. 

Wiley, Dr., work done by, on effects of 
boracio preparations on metabolism, 
720. • 

Winds, 253; causes of, 253; relations be- 
tween temperature and, 254. 

Winternitz, alternate half and whole cold 
baths as recommended by, 198; com- 
bination compress used by, 19S; general 
bath as given by, 194; pioneer work by, 
on physiological properties of water, 
1SS. 

Witthauer, indications for use of vibra- 
tion massage given by, 350. 

Word-time associations, as part of tech- 
nique of psychoanalysis, 593. 

Wright, active immunization introduced 
by, 126; bacterial vaccines introduced 
by, 139; formation of immune bodies in 
subcutaneous tissue supported by, 140; 
immunization against chronic infections 
introduced by, 126; method of finding 
opsonic index introduced by, 140; 
typhoid fever inoculation introduced by, 
126, 142, 143; work done by, abused, 
179. 


X-RAY BURN, 518. 

“X-RAY CANCER, ” 520. 

X-ray filter, 507; construction of, 508; dis- 
covery of, 50S; use of, in treatment 
of cancer, 545; use of, in deep therapy, 


510; use of, in treatment of ovaries, 
560. 

X-ray therapy, 493; in benign growths of the 
skin, 540; biological effects of, 512; co- 
operation between surgery and, 542, 
545, 549; in dermatology, 530; distance 
of sources of light and, 506; effects of, on 
bacterial life, 529; effects of, on deep 
structures of body, 521; effects of, on 
skin, 518; effects of, on tissues of young 
children and embryos, 527; factors in, 
49S; use of filter in, 507; in glandular 
enlargements, 555; in glandular skin dis- 
eases, 532; histological changes in the 
skin due to, 521; influence of, upon the 
ovaries, 559; intensity as a factor in, 501; 
in internal tuberculosis, 557; latent 
period in, 515; in lymphoid and blood 
diseases, 54S; in malignant diseases of 
skin, 541; in nervous conditions, 558; 
objects of, 512; penetration as a factor 
in, 498; physical characteristics of, 495; 
physical efforts of, 490; physical prin- 
ciples of, 493; prophylactic irradiation an 
indication for, 545; production of the 
X-ray in, 494; protection of the patient 
and operator in, 510; quality of radia- 
tion in, 497; quantity of radiation in, 
498; reaction of the X-ray in, 498, 515; 
regulation of quantity and quality in, 
498; requirements in deep, 509; in 
respiratory disorders, 557 ; selective 
l>o\vi;r of the X-rays in, 513; in skin 
diseases arising in the hair follicles, 534; 
in skin diseases due to fungi, 540; in 
special conditions, 529; in superficial 
epitlielionmta, 542; technique of, in 
deeper therapy, 507; technique of, in 
general, 490; theory of personal idio- 
syncrasy in, 517; time of exposure in, 
504 ; in tuberculosis of mucous membrane, 
539; in tuberculosis of skin, 537; uni- 
formity of deep irradiation in, 509; 
uniformity as a factor in, 506; X-ray 
filter in, 507; X-ray toxemias in, 517; 
X-ray tube in, 496. 

X-ray, therapeutic use of, in conjunction 
with electricity, 399; in abscesses, 450; 
in abscesses of colon, mesentery, and 
liver, 405; in acne, 406; in appendicitis, 
405; in carbuncles, 404; in infections, 
399; in pulmonary tuberculosis, 400; 
in tuberculosis of the bladder, 402; in 
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tuberculosis of the kidney, 402; in tu- 
berculosis of the skm, 400; in tubercu- 
lous adenitis, 401; m tuberculous arthri- 
tis, 403; in tuberculous infections, 403; 
in tuberculous peritonitis, 403; in tu- 
berculous prostatitis, 402. 

X-ray tube, 496. 

X-RAY ULCER, 519. 

X-rays, action of, on cancer cells, 541 ; anti- 
pruritic effect of, 558; biological effect 
of, 512; cumulative action of, 516; 
curative effect of, 512; dosage of, 498; 
“early reaction” of, 516; effects of, 
upon bacterial life, 529; effects of, upon 
deep structures of the body, 521 ; effects 
of, upon skin, 518; effects of, upon tissues 
of young children and embryos, 527; 
influence of, upon the ovaries, 559; 
“late reaction” of, 5f6, 520; physical 
characteristics of, 495; physical effects of. 


496; production of, 494; reaction in, 
515; selective properties of, 513; toxe- 
mias caused by, 517. 

Yellow fever, hydrotherapy for relief of, 
218. 

Yersin’s anti-plague serum, 167. 

Zander apparatus, 333; active, 334; pas- 
sive, 345. 

Zander system of mechanotherapy, 333; 
active apparatus in, 334; active arm 
movements in, 335; active leg move- 
ments in, 339, active trunk movements 
in, 343; balancing movements in, 345; 
passive movements in, 345; therapeutic 
uses of, 348; \ ibratory massage m, 355. 

Zinc, occurrence of, 711; poisoning by, 711; 
poisonous action of, 711; treatment of 
poisoning by, 712. 
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